Defining and Reasoning About General Recursive Functions in Type Theory: a Practical Method by Pichardie, David & Rusu, Vlad
HAL Id: inria-00000910
https://hal.inria.fr/inria-00000910
Submitted on 8 Dec 2005
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Defining and Reasoning About General Recursive
Functions in Type Theory: a Practical Method
David Pichardie, Vlad Rusu
To cite this version:
David Pichardie, Vlad Rusu. Defining and Reasoning About General Recursive Functions in Type
Theory: a Practical Method. [Research Report] PI 1766, 2005, pp.16. ￿inria-00000910￿
I  
 R
   I
   S






































P U  B  L  I  C  A  T  I  O  N
I  N  T  E  R  N  E
No
I R I S A









DEFINING AND REASONING ABOUT GENERAL RECURSIVE
FUNCTIONS IN TYPE THEORY: A PRACTICAL METHOD
DAVID PICHARDIE AND VLAD RUSU
INSTITUT DE RECHERCHE EN INFORMATIQUE ET SYSTÈMES ALÉATOIRES
Campus de Beaulieu – 35042 Rennes Cedex – France





13254  176 8# 2:9 <;=#$'>	'?%A@B? 6 C
DEGF)HJILKHNMPOQESRTI$HJUWVXESY$I[Z\]ESI_^`$ab`
cedSf	g	hjilkPff+dSinm$oGprqtsvuwkPfyx cedSf+g	hjilkPfzPoGi:inu|{|qtz~}{vg	f
 o+kjg	f>}{w|k}{wk  g	kPzPf
 u|m|prqtz~}g+qtoG{Aqr{eg	k  {wk{.Gxo~Wkjim/k 5 x   }WkPf
(P~|  k | o  of	kl} | }Gzjg+qtz~}pilkjg+woS¡ ¢o  |kb£w{|qr{|¤}{w | o~Sqr{| | o  k  g+qtkPfno ¥Wkj{wk  }p§¦Jq©¨ªk¨r«
{woGg8{wkPzPkPf	f¬}  qrprd­f+g  uwzjg+u  }pN®  kPzju  f	qrWk5 Ju|{wzjg+qtoG{wfqr{ | oeo }Gf	f+qtf+g¬}{eg	f8m)}Gf	kPoG{g¯d  k5g+wkPo  dW¨°±wk5qt|k~}qtf
g	o|kb£w{wkg+wk  }  &o >g+wk§qr{vg	kj{w|kP Ju|{wzjg+qtoG{&}Gf8}{qr{w²uwzjg+qrWk  kjp³}g+qtoG{.«w}{w´g	o | o~Wk5g+)}g±g+wk  kjp³}g+qtoG{
}Gzjg+u)}prprd  k | kPf	kj{vg	fn}µ ]u|{wzjg+qtoG{.«Q¶8|qtz	_qtf§med¤zPoG{wf	g  uwzjg+qtoG{[g+wk Ju|{wzjg+qtoG{[g+)}gC¶¥k}  kg  dSqr{|g	o­|kb£w{wk¨
°±wkj{.«|¶¥kCWkj{wk  }g	kqr{w²uwzjg+qtoG{ | qr{wzjq  ptkPf8 ¢o 8| o~Sqr{|oGg+wk  }  m|qrg  }  d | o  k  g+qtkPfo g+wk Ju|{wzjg+qtoG{.¨
°±wk} || oW}Gz¬µ)}Gfm$kPkj{lkb·  k  qrilkj{eg	kPlqr{lg+wk¸¥oSs | oSo .}Gf	f+qtf+g¬}{eg~«m|u|g¹f+woGu|pt:¶¥o +º qr{:prq º kb»©i:qr{w|kP
| oSo }Gf	qtf+g¬}{vg	f}Gf¶¼kjprp©¨­½¾g}prpto~¶fn ¢o   Ju|{wzjg+qtoG{wf¶8qrg+3iu|g+u)}p  kPzju  f+qrWkz~}prptf~«({wkPf+g	kP  kPzju  f+qrWkz~}prptf~«
}{w:¶¥o +º f±}ptf	o5 ¢o  g+wkf+g¬}{ww}  µkj{wzPoe²qr{|o   }  g+q³}p) Ju|{wzjg+qtoG{wf¹uwf+qr{|g	oGg¬}p) Ju|{wzjg+qtoG{wf¼o~Wk  }|k  kj{w|kj{eg
g¯d  k5g+)}g  kPf+g  qtzjg	fg+wkno  qrqr{)}pQ Ju|{wzjg+qtoG{.¿ªf§|oGiµ}qr{.¨
 k | kPf	kj{egf+qri  ptk:kb·w}i  ptkPfn}{w  k  o  goG{_}p³}  Wk  z~}Gf	kf+g+uw²d7¦]f	kjg	fCo ¼qr{eg	kjWk  f  k | kPf	kj{eg	kP_}Gf
o  |k  kPprqtf+g	fo ?qr{eg	k  G}ptfT®8g+)}g8¶¼kn)}PWkzPoG{w²uwzjg	kPAqr{g+wkzPoG{vg	kb·²go zPk  g+qÀ£)kPAf+g¬}g+qtzn}{)}prd²f	kPf~¨
ÁÂvÃ$Ä	ÅÆ Ç? {woG{²»¯f+g  uwzjg+u  }p  kPzju  f	qrWk5 Ju|{wzjg+qtoG{wf«|qr{w²uwzjg+qtoG{ | qr{wzjq  ptkPf~«/¸¥oes | oeo }Gf	f+qtf	g¬}{vg
ÈrÉ.Ê¾Ë©Ì~ÍÊ±ÎQÏrË¯Ð¢ÑjÒ
Ó$Ô/ÕÖ¢Ö©×ÙØPÚ©ÛªÜ§Ý8×ÞÝ¥ß×ÞÖQà¬á²Ú©â×ãwäj×ÞÖ©×Þå]Ú.æçÖ©à	è]×ÙéÞÚ?ê¬Ú>ëNØçÖ©ìíê±î~àbæâçìíê±ï(ØPÚ©ìðæàbÛðìðå
Centre National de la Recherche Scientifique Institut National de Recherche en Informatique
(UMR 6074) Université de Rennes 1 – Insa de Rennes et en Automatique – unité de recherche de Rennes
   44 #$C' 6  4 #/±/5 4 n#%	Ù	 ? %	 4 #/*- 4 #/ 4 #$?
P'>	 #/'?n#$)	* 
	#/%	0  6 8#$	-y 254 

    oGuwf | o  of	oG{wf­u|{wk[} || oSz	wk | }g+qtseuwk  oGu  b£w{|q  kjg | oGu|Wk  |kPf | o | qjgPf&|k
 ¢oG{wzjg+qtoG{wf  Pzju  f+qrWkPf§j{  }ptkPf¦Jq©¨ªk¨r«){woG{ {PzPkPf	f¬}q  kjilkj{vg5f+g  uwzjg+u  kjprptkPfT®w}{wf|kPf5}Gf	f+qtf	g¬}{vg	f|k | kju|Wk
m)}GfPff+u  p³}:g+Po  qtk|kPfg¾d  kPf~¨§¿ qtPk | qr{wzjq  }ptkkPf+g5|knb£w{|q  ptkn  }  wk|knp³}: ¢oG{wzjg+qtoG{¡kj{¤zPoGu  f5|k
b£w{|qrg+qtoG{LzPoGi:ilkµu|{wk  kjp³}g+qtoG{Lqr{w²uwzjg+qrWk«?kjg|k | oGu|Wk  seuwklzPkjg+g	k  kjp³}g+qtoG{  k | Pf	kj{vg	ku|{wk ¢oG{wzjg+qtoG{
seu|q5kPf	g~«  }  zPoG{wf+g  uwzjg+qtoG{.«5zPkjprptk[svu.¿ªoG{ kPf	fT}qtk¤|k¡b£w{|q  ¨{wf+u|qrg	k«§{woGuwf&b£w{|qtf	f	oG{wf|kPf | qr{wzjq  kPf
Q¿ qr{w²uwzjg+qtoG{ seu|q  k  ilkjg+g	kj{vg§|k | oGu|Wk  |kPf | o | qjgPf§svuwkjptzPoG{wseuwkPff+u  p³} ¢oG{wzjg+qtoG{.¨
oGuwf}~WoG{wfkb·    qrilkj{eg&p©¿ð} || oSz	wk¤w}{wflp©¿ð}Gf	f	qtf+g¬}{vg´|k | kju|Wk¤¸¥oSs¨ ¸¥k  kj{ww}{eg~«kjprptk&|kj  }qrg
 ¢oG{wzjg+qtoG{|{wk  w}{wfQ¿ð}u|g  kPf:f	dSf+g	hjilkPfm)}GfPff+u  p³}Ag+Po  qtk|kPfg¯d  kPf~¨[¹¿ð} || oez¬wk  k  ilkjg:|k´g  }qrg	k 
|kPfC} | kjptfiu|g+uwkjprptkjilkj{vg  Pzju  f	qÀ ]f5kjgoGu¡qrinm  qtseuPf~«.}qr{wf+qsvuwk|kPf§ ]oG{wzjg+qtoG{wf  }  g+qtkjprptkPf5Sq³}µptkzPoSw}Wk
f+g¬}{ww}    }  |kPf± ]oG{wzjg+qtoG{wfg	oGg¬}ptkPf§}ug¾d  k  kj{ww}{vgseu|q  kPf+g  kjqr{egptk|oGiµ}qr{wk|kb£w{|qrg+qtoG{.¨
oGuwf | Pf	kj{vg	oG{wf |kPfkb·²kji  ptkPfAf+qri  ptkPf&}qr{wf+qseu.¿ u|{wkjg+uw|k_|k¤z~}Gf  pruwfAzPoGi  ptkb·²kPf_¦Jptk¡zPoSw}Wk
Q¿ªkj{wf	kjim|ptkPf(Q¿ªkj{eg+qtk  f  }  |kPfQprqtf	g	kPf.Q¿ qr{vg	k  }prptkPfT®Qseuwk{woGuwf(}~WoG{wf.ilkj{Pkw}{wf.ptkzPoG{vg	kb·²g	k²unjWkjpto | kb»
ilkj{vg§Q¿ð}{)}prdSf	kPf§f+g¬}g+qtseuwkPfzPk  g+qÀ£PkPf~¨
Æ ~¤  L  ]oG{wzjg+qtoG{wf  Pzju  f+qrWkPfn{woG{²»¯f	g  uwzjg+u  kjprptkPf~« | qr{wzjq  kPfQ¿ qr{w²uwzjg+qtoG{.«}Gf	f+qtf+g¬}{eg}u²· | kju|WkPf
¸¥oSs
   §)#$C'./	
 kb£w{|qr{|}{w  k~}Gf	oG{|qr{|n}m$oGu|gf	oGilk  kjp³}g+qrWkjprdf+qri  ptk  kPzju  f+qrWk¥ ]u|{wzjg+qtoG{wf¦]f+uwz	´}Gf§u|qtz º f	o  gT®(qr{ | oeo 
}Gf	f+qtf	g¬}{vg	fm)}Gf	kP_oG{ g¯d  kµg+wkPo  d ¦]f	uwz	7}Gfng+wk¸¥oes | oSo }Gf	f	qtf+g¬}{vg  ®Cqtff+u +| qtf+qr{|prd_)}  Q¨
	wo  }
uwf	k  qr{eg	k  kPf+g	kP qr{f+uwz¬Ag	oSoGptf8 ¢o  g+wk  u + of	ko Wk  qÀ£)z~}g+qtoG{7¦¢}{w&{woGgqr{ g+wkf+u|m|g+ptkjg+qtkPfo g¾d  k
g+wkPo  dw®b«(g+|qtf²qµzju|prg¯d3iµ}~d  }  qt²prd[m$kPzPoGilkµo~Wk  ¶8wkjpri:qr{|w«¼}Gfg	oSo&inuwz¬ kQo  gnqtff  kj{vgoG{ |k~}prqr{|
¶8qrg+¡²qµzju|prg5zPoG{wzPk  g	f5{woGg  kjp³}g	kP¤g	oµwk  Wk  qÀ£)z~}g+qtoG{ | oGm|ptkji&¨ o  kPoWk  «$qr{¤oGg+wk | oSo ¥}Gf	f+qtf+g¬}{eg	f
m)}Gf	kP&oG{&²qQk  kj{vg§ptoGqtz~}ptf8   }ilkj¶¼o +º f~«|g+wkPf	k | oGm|ptkjilf5}  kCzPoG{wf+qt|k  }m|prd&k~}Gf+qtk  r  ¨
°±wkiµ}qr{ | oGm|ptkji }  qtf¬kPf5   oGig+wk ©}GzjgCg+)}gCg¯d  kg+wkPo  d¤qri  of	kPf5g+)}gn}prp Ju|{wzjg+qtoG{wfg	k  i:qr{)}g	k
ilo  kPo~Wk  «wg+wk§g¾d  kb»¯z	wkPz º qr{|­}prWo  qrg+|i-inuwf+g±m$kC}m|ptk§g	o:z¬wkPz º g+|qtf¥ ¢}Gzjg8}u|g	oGiµ}g+qtz~}prprdW¨¥°±|qtf  kPf+g  qtzjg	f
g+wkzjp³}Gf	fCo  ]u|{wzjg+qtoG{wf5g+)}gn}  k|kb£w{)}m|ptkqr{[}´f+qri  ptkiµ}{|{wk  g	o  kPzju  f+qrWk ]u|{wzjg+qtoG{wf5¶8qrg+3f+g  uwzjg+u  }p
 kPzju  f+qtoG{ o~Wk  }  }  }ilkjg	k  ¦N ¢o  kb·w}i  ptk«>qr{=}´ Ju|{wzjg+qtoG{L¶8qrg+[ ¢o  iµ}p  }  }ilkjg	k 
p ∈ N
«(}  kPzju  f+qrWk





½¾{g+|qtf  }  k  ¶¼k | o  of¬k¥} | }Gzjg+qtz~}p²ilkjg+woe ¢o  |kb£w{|qr{|C{woG{²»¯f	g  uwzjg+u  }p  kPzju  f+qrWk¼ Ju|{wzjg+qtoG{wfqr{g+wk
¸¥oSs | oSo }Gf	f+qtf	g¬}{vg}{woGg+wk  prq º kb»©i:qr{w|kP&f+d²f+g	kjilf~¨°±wkqt|k~}qtf±g	o:|kb£w{wk5g+wk  }  &o (g+wk5qr{eg	kj{w|kP
 ]u|{wzjg+qtoG{:}Gf}{qr{w²uwzjg+qrWk  kjp³}g+qtoG{.«v}{wg	o | oWk¥g+)}g?g+wk  kjp³}g+qtoG{µ}Gzjg+u)}prprd  k | kPf¬kj{vg	f} Ju|{wzjg+qtoG{.«¶8|qtz¬
qtfmed&zPoG{wf+g  uwzjg+qtoG{¤g+wkC ]u|{wzjg+qtoG{ g+)}g§¶¼k}  kg  dSqr{|µg	oµ|kb£w{wk¨  k}ptf	olWkj{wk  }g	kqr{w²uwzjg+qtoG{ | qr{wzjq  ptkPf
 ¢o  g+wkµ Ju|{wzjg+qtoG{.«?¶8|qtz	=wkjp  | o~Wk´oGg+wk | o  k  g+qtkPfg+)}gg+wkl Ju|{wzjg+qtoG{=f¬}g+qtfÙ£)kPf¨&½¯{  }  g+qtzju|p³}  «g+wk
qr{w²uwzjg+qtoG{ | qr{wzjq  ptknqtf f+g  oG{|Wk  g+)}gg+wk ]u|{wzjg+qtoG{.¿ªfo¶8{£|·  oGqr{vgkPseu)}g+qtoG{.«|q©¨ªk¨r«|g+)}g8¶8|qtz¬¤}prpto¶fg	o
u|{² ¢oGpt:g+wk± ]u|{wzjg+qtoG{.¿ªf¼|kb£w{|qrg+qtoG{qr{} | oSo Ù¨cede{eg+wkjg+qtf+qr{|}{wµuwf+qr{|qr{w²uwzjg+qtoG{ | qr{wzjq  ptkPf ¢o   !"$#&%
 kPzju  f+qrWk5 ]u|{wzjg+qtoG{wfqr{ ¸¥oSs)}Gf}p  k~}G²d­m/kPkj{ | o  of	kP­qr{')(  ¨
°±wkilkjg+woS¡}prpto¶f ]o   ]u|{wzjg+qtoG{wf5¶8qrg+¤iu|g+u)}p  kPzju  f+qrWkz~}prptf~«/{wkPf+g	kP  kPzju  f+qrWkz~}prptf~«.}{w¤¶¼o +º f
}ptf	o_ ]o +*¯ }  g+q³}p,& ]u|{wzjg+qtoG{wf­eq³}3g+wk¡f+g¬}{ww}   kj{wzPoS²qr{| }Gf´g	oGg¬}p ]u|{wzjg+qtoG{wf­o~Wk  }_|k  kj{w|kj{vgg¾d  k
 kPf+g  qtzjg+qr{|lilkjim/k  f	|q  qr{&g+wkCo  qrqr{)}p> Ju|{wzjg+qtoG{.¿ªf§|oGiµ}qr{.¨
>}Gf	gm|u|g{woGgnptk~}Gf	g~«>oGu  } || oW}Gz¬Lqtf  kjp³}g+qrWkjprd3f	qri  ptklg	o­u|{w|k  f+g¬}{w=}{w[uwf	k»qrgnuwf	kPfnoG{|prd¤g+wk
f+qri  ptkPf+gzPoG{wzPk  g	f:}{w_zPoG{wf+g  uwzjg+qtoG{wfoG{ ¶¼kjprpÀ»¢ ¢oGu|{w|kP o  |k  fn»5}{wLz~}{Lm$kµ}u|g	oGiµ}g	kPQ«¹}gptk~}Gf+g ¢o 
g	oGg¬}p¼ Ju|{wzjg+qtoG{wf¶8qrg+woGu|g{wkPf+g	kPçiu|g+u)}p  kPzju  f+qrWk­z~}prptf~¨ ½¾{_g+wk´kj{vSqtf¬}WkP g	oSoGp©«g+wkµuwf	k  ¶  qrg	kPfwk 
 ]u|{wzjg+qtoG{7qr{7}  f	kjuw|oSzPoS|k{woGg¬}g+qtoG{ f	qri:qrp³}  g	o g+)}g:o ¸¥oes/«¹}{w | o~Sqt|kPfµ} ¶¼kjprpÀ»¢ ¢oGu|{w|kP o  |k  oG{
g+wk´ ]u|{wzjg+qtoG{.¿ªfl}  u|ilkj{vg¦]fT®b¨=°±wk­g	oSoGp¥¶¥oGu|pt=g+wkj{ }u|g	oGiµ}g+qtz~}prprd=Wkj{wk  }g	k­g+wk­qr{w²uwzjg+qtoG{ | qr{wzjq  ptk
}Gf	f	oSzjq³}g	kP¤g	o´g+wkn ]u|{wzjg+qtoG{ ¦¢}{wQ«Qo  g+qtoG{)}prprdW«.g+wk ]u|{wzjg+qtoG{.¿ªf£|·  oGqr{vgkPseu)}g+qtoG{®b¨n½¾{¡g+|qtf¶¥}PdW«>¶  qrg+qr{|
 kPzju  f+qrWk5 ]u|{wzjg+qtoG{wfqr{ ¸¥oSs¶¼oGu|pt&m$kPzPoGilkn}prilof+g}Gfk~}Gf+d´}Gfqr{.«wk¨ w¨r«  c-r  ¨

´Â J² Â Ç/. Æ 10





¨l°±wk|kb£w{|qrg+qtoG{_qr{eWoGprWkPf | oeqr{| g+)}gg+wk£|·  oGqr{eg
kPseu)}g+qtoG{3g	k  i:qr{)}g	kPfnqr{ }´£w{|qrg	k:{vu|im/k  o ±qrg	k  }g+qtoG{wf~¨µ°±wkl£|·  oGqr{vgnkPseu)}g+qtoG{_o 
f
«Q¶8|qtz	=}prpto~¶fg	o
 k  p³}GzPk
f
med´qrg	f|kb£w{|qrg+qtoG{ qr{ } | oSo +«|qtfg+wkj{AoGm|g¬}qr{wkP¤}prilof+g8 ¢o     kPk¨¹½¾{w²uwzjg+qtoG{ | qr{wzjq  ptkPf}  k{woGg
| o~Sqt|kPQ¨¤°±wk} || oW}Gz	7)}Gfm$kPkj{_qri  ptkjilkj{vg	kP=qr{=} | oGg	oGg¾d  kg	oeoGp¼g+)}g}u|g	oGiµ}g+qtz~}prprdLWkj{wk  }g	kPf
f	oGilkCo g+wk|kb£w{|qrg+qtoG{wf~« | oeo oGm|prqrv}g+qtoG{wf~«)}{w&zPo + kPf  oG{w²qr{| | oeo ¢fDr  ¨
243 ÂE5 |Ç Ä 3 Æ F@? Â ÇG<JW² Â >A@B@? Æ | 3 ½¾{Hð  «±g+wkA|oGiµ}qr{ o Cg+wk& ]u|{wzjg+qtoG{
f
u|{w|k  |kb£w{|qrg+qtoG{yqtf
kj{wzPoS|kP uwf	qr{|7}{ qr{w²uwzjg+qrWk¡g¾d  k¨°±wkj{.«
f
qtf­|kb£w{wkP mvdI J$#&%8K JML&7o~Wk  g+wkON8$L!LQPCLQP
R+SR+TUS V?WXNYLQP[Z#&%\ S 6]^]W S K_L R #&]`L$P f a L&bcWMW f  S  R ]8# S ed¨°±|qtf} | oW}Gz	3qtf5Wk  d¡kjptkjv}{vg~«}{wluwf¬kPf¹f	oGilk§f+u|m|g+ptk8 ¢k~}g+u  kPf¼o Qg¾d  kg+wkPo  dW«em|u|g¹)}Gf±}5iµ}ç+o    }P¶8m)}Gz º:f g	oCm/k} | prqtz~}m|ptkqr{Wkj{wk  }p
qrg  kPsvu|q  kPf} f  kPzjqÀ£)z´g¯d  k­g+wkPo  d_qr{wzjpruw²qr{|3g+wkf	o»¯z~}prptkP *g dSm²Ùk  ¿ªf:f¬z	wkjilk,Cr   ¢o  f+qrinu|prg¬}{wkPoGuwf
 kPzju  f+qrWkçqr{w²uwzjg+qrWk|kb£w{|qrg+qtoG{wf=|g+|qtf8f	z	wkjilkqtf}~G}qrp³}m|ptk5qr{ ]kj¶ | oSo ?}Gf	f+qtf	g¬}{vg	f~¨ih  kPf+g  qtzjg	kP´Wk  f+qtoG{
 ¢o  g+wk¸±}ptzju|ptf8o ¸¥oG{wf+g  uwzjg+qtoG{wfn¦]²qtf¬}prpto¶8qr{|:{wkPf+g	kP  kPzju  f+qrWk5z~}prptfT®¹)}Gf±m/kPkj{ | o  of	kP[¦Q 1 «wcSkPzjg+qtoG{
j ë$Ø"k$lVmm
  ¨  e®¼m|u|g±g+|qtf±Wk  f+qtoG{  kPsvu|q  kPf±g	o | oWkCf	o»¯z~}prptkP­qr{vWk  f+qtoG{g+wkPo  kjilfqr{}Wk  d´f  kPzjqÀ£)ziµ}{|{wk  «|f+uwz¬
g+)}gf+g  uwzjg+u  }p  kPzju  f+qtoG{7z~}{Lm$k  k   ¢o  ilkP oG{ g+wkji  ]o  |kb£w{|qr{|
f
¨ °±|qtf  uwf+wkPfg+wk­¸±}ptzju|pruwf:o 
¸¥oG{wf+g  uwzjg+qtoG{­g	oqrg	f¼prqri:qrg	f8}{w  kPsvu|q  kPf8}ptoGg¥o (kb·  k  g+qtf	k¨§{g+wkoGg+wk  )}{wQ«|}{´qr{w²uwzjg+qtoG{ | qr{wzjq  ptk
 ¢o 
f
qtf8oGm|g¬}qr{wkP& ]o     kPk5   oGi-g+)}go g+wk5 Ju|{wzjg+qtoG{.¿ªf|oGiµ}qr{.¨
 Æ ¤c< 7 < 7 ;	¹ 7 Ç
 ½¾{     «Sg+wk * zPoG{vWk  qr{|:qrg	k  }g+qtoG{wfQ,C}{w * }GS»©woez | kP²qtz~}g	k,C} || oW}Gz¬wkPf}  k
ilk  WkP7qr{eg	o3}  o~¶¥k   Ju|pg	kPz	|{|qtseuwk­ ]o  kPzju  f+qrWk Ju|{wzjg+qtoG{ |kb£w{|qrg+qtoG{.«±}prpto~¶8qr{|_ ]o  }  g+q³}p± ]u|{wzjg+qtoG{wf
¶8qrg+ {wkPf+g	kP  kPzju  f	qrWk´z~}prptf«(dWkjg¶8qrg+woGu|g  kPsvu|q  qr{|  dSm²Ùk  ¿ªff	z	wkjilk¨¤°±wkilkjg+woe qtfg+wk  kb ]o  kqri»
 ptkjilkj{vg¬}m|ptklqr{[¸¥oSs¨o~¶¥kjWk  «QqrgC}ptf	o}G||f§u  }prpg+wk²qµzju|prg+qtkPfo ¹g+wkg¯¶¥ozPoGinm|qr{wkP3} || oW}Gz	wkPf«
¶8|qtz	 iµ} º kPf8qrgseu|qrg	k5)}  g	o:  }Gf  }{w&g	o:uwf	k ¢o 8| }Gzjg+qtz~}p>Wk  qÀ£)z~}g+qtoG{  u + of	kPf~¨
 Ã 7  3 Â =<J=< 7 ;  7 W=< Æ:7 ¾ Æ  
´Â J²=< Æ87  ½¾{oG{|WoGqr{|qr{w|k  kj{w|kj{vg(¶¼o +º «dWkjg.u|{  u|m|prqtf	wkPQ«8}  g+wk
}{w+	)o  kPf+g   oGi g+wk Wk  kPf+g | oÙkPzjg±}g¼½¾{  q³}cSo  |q³}Dh§{vg+q  oGprqtf8}  k|kjWkjpto  qr{|:}{´} || oW}Gz¬µ ¢o  f+dSg+wkb»
f+qtf+qr{|µ}Wkj{wk  }p  kPzju  f+qrWk5 ]u|{wzjg+qtoG{ }{wqrg	f8qr{w²uwzjg+qtoG{ | qr{wzjq  ptk5   oGi }{A}  m|qrg  }  dqr{w²uwzjg+qrWk  kjp³}g+qtoG{.¨
 Æ '@(|&<J Æ87 Å <³ 3 Æ (  Â  3 Æ Ç  {|prq º kCg+wk+?L& Z S M&]" S $#LA R6S ]WL!K«woGu   Ju|{wzjg+qtoG{wf}  k * f	o»
pru|g+qtoG{wfQ,o §}{ qr{w²uwzjg+qrWk  kjp³}g+qtoG{0¦Jg+wkl ]u|{wzjg+qtoG{.¿ªfo~¶8{=  }  ®b«{woGgo §}£|·  oGqr{egkPseu)}g+qtoG{ qr{vWoGprSqr{|
qrg	k  }g+qtoG{7o §}­ ]u|{wzjg+qtoG{)}p©¨ °±|qtff¬}~WkPfuwfzPoGi  ptkb· | oSo ]f}m$oGu|gg	k  i:qr{)}g+qr{|¡qrg	k  }g+qtoG{wf~¨  {|prq º kµg+wk
#_KeWL! N: S KU#_ S ilkjg+woS}{wµqrg	fkb·²g	kj{wf+qtoG{
    «eoGu  f¹|oSkPf{woGg  kPseu|q  k§}G²}{wzPkP º {wo~¶8ptkP²Wko /g+wk§f+u|m²»
g+ptkjg+qtkPfo >g¾d  k5g+wkPo  dW¨°±wk & ]W S VV]" P8JML&ABP$L R  S %#ML&A8} || oW}Gz	 } | k~}  f±g	om/k5seu|qrg	kCzjptof	k
g	oµoGu  f¨§o¶¼kjWk  «/g+wkjduwf	kn}lWk  f+qtoG{ o g+wk #_K W L! N8 S K&MU# S ilkjg+woSQ«)¶8wk  k~}Gf¶¥kuwf	kn¶¼kjprpÀ»¢ ¢oGu|{w|kP
qr{w²uwzjg+qtoG{.¨  k}  knzju + kj{eg+prdA¶¼o +º qr{|´g	oGWkjg+wk  oG{¡}:Wkj{wk  }p(   }ilkj¶¥o +º g+)}g§¶¥oGu|pt kj{wzPoGi  }Gf¬f§m$oGg+
oGu  } || oW}Gz¬wkPf~«}Gf8¶¥kjprp(}GfoG{&qri  ptkjilkj{eg+qr{|g+wkPf¬k5g	kPz	|{|qtseuwkPfqr{A} | oGg	oGg¾d  kCg	oSoGpQ¶8qrg+|qr{¤¸¥oSs¨
   3| Ã °±wk  kPf+g´o g+wk  }  k  qtf´o  v}{|qtf	kP }Gfl ¢oGprpto~¶f¨½¾{ cSkPzjg+qtoG{  ¶¥kAm  qtkwd | kPf	kj{vg´g+wk
qr{²   }Gf+g  uwzjg+u  k¡g+)}g¸¥oSs | oeqt|kPf´ ¢o  |kb£w{|qr{|7{woG{²»¯f	g  uwzjg+u  }p  kPzju  f+qrWk  Ju|{wzjg+qtoG{wf~«}{w ²qtf	zjuwf	f´qrg	f
ilk  qrg	f}{w3qrg	fprqri:qrg	f¨´½¾{ cSkPzjg+qtoG{ (¶¼k | kPf	kj{vgoGu  ilkjg+woS3qr{ |kjg¬}qrp¼oG{ }&f+qri  ptkµkb·w}i  ptk«}{w3qr{
cSkPzjg+qtoG{  ¶¼kµqr{w²qtz~}g	kµwo¶ g+wklilkjg+woS_z~}{_m/k:uwf¬kP[ ¢o  |k~}prqr{| ¶8qrg+_{wkPf+g	kPL}{w_inu|g+u)}p  kPzju  f+qrWk
z~}prptf­}{w ¶8qrg+ *¯ }  g+q³}p,& ]u|{wzjg+qtoG{wf¡¦]kj{wzPoS|kP }Gfµg	oGg¬}p§ Ju|{wzjg+qtoG{wf­oWk  }_|k  kj{w|kj{eg´g¾d  k  kPf+g  qtzjg+qr{|
g+wkjq  |oGiµ}qr{®b¨½¯{_cSkPzjg+qtoG{  ¶¼k | kPf¬kj{vg}´z~}Gf	k:f+g+uw²d f kj{wzPoe²qr{|&f	kjg	fCo ¥qr{vg	kjWk  fCuwf	qr{|&o  |k  kP¡prqtf+g	f
o qr{vg	k  }ptf~«¶8|qtz¬ ¶¥k  p³}{|{wkPLg	o uwf	k: ¢o  zPk  g+qÀ£)kP=f+g¬}g+qtz´}{)}prdSf	kPfíS«   ¨O	?qr{)}prprdW«qr{=cSkPzjg+qtoG{ ¶¥k
zPoG{wzjpruw|k}{w | kPf¬kj{vg ]u|g+u  kC¶¥o +º ¨
!   	
  !#/%'?n#$)	*-,n'>	 )¬
#"  $© %¬+#$8# 2
°±wk ¸¥oSs_f+d²f+g	kji&¿ªflf	g¬}{ww}  7prqrm  }  d0¦Jqr{  }  g+qtzju|p³}  «±g+)}gl|k~}prqr{|_¶8qrg+7¶¼kjprpÀ»¢ ¢oGu|{w|kP qr{w²uwzjg+qtoG{ }{w
 kPzju  f+qtoG{.«w}~G}qrp³}m|ptkn}g%'&(&()+*-,',./10325476(894:2<;18	,(=	47>(8	:8'?,1@A/B0C2ED76947&+2GFA;C2H%'&BIJ=e®o1Qk  f  k~}Gf	oG{)}m|prd´WoeoS
f+u | o  gC ¢o  |kb£w{|qr{|&Wkj{wk  }p  kPzju  f+qrWk: Ju|{wzjg+qtoG{wf~¨K§o¶¼kjWk  «²qµzju|prg+qtkPf}  qtf	kl¶8wkj{3g  deqr{|Ag	o  k~}Gf	oG{
}m$oGu|glg+wof	k ]u|{wzjg+qtoG{wf~¨ cSoGilkAf	oGpru|g+qtoG{wf­}  k | o  of	kP qr{.«±k¨ w¨r«¸¼)}  g	k  o 6r  «¼m|u|gg+wkjdW«¥qr{ g+wk
}u|g+wo  ¿ªf±o~¶8{´¶¼o  |f~«²kb·|zPkPkP²qr{|prdµzPoGi  ptkb·Q¨°±|qtf¹qtf¼g+wkiloGg+qr}g+qtoG{µ ¢o  g+wk5}u|g+wo  ¿ªf±f+u|mwf	kPseuwkj{vg¥¶¼o +º f
oG{&g+wk6UL Z S M&]" S Q#_L& ¼ilkjg+woS_¦Q    «  }  gL lo  r  «)}{wAcSkPzjg+qtoG{L  ¨)(:o    ®b¨h ¦Jg	oGg¬}p©«/g+vuwfg	k  i:qr{)}g+qr{|e®  kPzju  f+qrWkn ]u|{wzjg+qtoG{¤z~}{¤m/knm|u|qrprg§uwf	qr{|­}l¶¼kjprpÀ»¢ ¢oGu|{w|kP  kjp³}g+qtoG{¤oG{¤qrg	f
|oGiµ}qr{.«|¶8|qtz¬ kj{wf+u  kPf8g+)}g  }  }ilkjg	k  f§o }prp  kPzju  f+qrWkz~}prptf¶8qrg+|qr{&qrg}  k[ R #&%]% S b«w}GzPzPo  ²qr{|g	og+wk
o  |k  «.g+)}{_g+wk Ju|{wzjg+qtoG{.¿ªfo~¶8{[ ¢o  iµ}p  }  }ilkjg	k  f~¨l°±wkNMJO(='=(PB;/Q'6'RAO1RAP	476'R(QS.T&S4/B6Ag+wkPo  kjiVU   oGi
W î~ìðÝ8æÛðìYXG×[Z¥á àTÖQÚ©â×>Ø×Þ×[Z8àTávÚ©â×>æçÖ©×Ùå¢×ÙØPÚ¯ê	Ú©ìíàTØ'\å¢×Ù×3] ^E_a`çî~×ÙéÞÚ©ìðàbØDkE^cb dáÀà¬ÖeZç×¾Ú¯êTìðÛðåfbSg×?ê¬å¢å¢ÕÝ8×(ê¹ßêTå¢ìðé h~ØçàEi.Ûð×[Z7jb×à¬áeÚNÜæ×
Ú©â×ÞàTÖ¢ÜcbJk×ÞÚ¯ê¬ìðÛíå.å¢æ×ÙéÞìlXéÚ©à¥Ú©â×Ô$êTÛðéÙÕÛðÕçå(à¬áÔ/àbØå]Ú¢Ö©ÕçéÞÚ©ìðàbØçå(ê¬ØZÚ©â×¹Ô/ànmå]ÜçØPÚ¯êEoê¬Ö©×ìðØ~Ú¢Ö©ànZÕéÙ×fZ§àbØê¥ßPÜØ×Ù×[ZßGê¬å¢ìíåfb
ëNÖ©ìðå©ê













  ? →  →  →  ∀  * 	  ¨°±)}gqtf~«Gg	oCoGm|g¬}qr{´}{lkjptkjilkj{vg¹qr{   ]o  kjWk  dkjptkjilkj{vg  qr{:g+wk8|oGiµ}qr{/«Gqrgqtfkj{woGu|lg+)}g;m$k8|kb£w{wkPqr{&k~}Gz	 ?µqr{C#1 L!L-#1 ;µqtf|kb£w{wkPqr{AkjWk  d 
 ptkPf	f8g+)}{ ?/¨°±wkj{.«|g	o:|kb£w{wk ;«²g+wk5uwf	k | oeqt|kPf f
•









 S N De«|q©¨ªk¨r«²wo¶ g	om|u|qrpt ; ?l   oGi  kPzju  f+qrWknz~}prptf ; 
 } | prqtkP&g	o  R #&%% S  
 ¨
°±wkj{.«  M	O(='=(P1;A/Q'6'ROBRAP	476AR1QS.T&S4B/6 D  zPoG{wf+g+qrg+u|g	kPfg+wkC|kb£w{|qrg+qtoG{ o L;3*  →  ¨°±|qtf|kb£w{|qrg+qtoG{:z~}{m$kuwf¬kPQ«k¨ w¨r«Gg	o§kjG}pru)}g	k  ;
:   ]o  zPoG{wz  kjg	k¼}pruwkPf :§qr{«çm|u|g?qrg>qtf({woGg?²q  kPzjg+prduwf	k~}m|ptkqr{ N8$L!LQPVb¨½¾{w|kPkPQ«vqr{­} | oSo .mvd:qr{w²uwzjg+qtoG{­oG{wkuwf+u|prprd:{wkPkP|f¼g	ou|{² ¢oGptlg+wk  kPzju  f+qrWk§|kb£w{|qrg+qtoG{
o   ;  |g¾d  qtz~}prprdW«$}qrWkj{ | oSo zPoG{vg	kb·²gqri  prqtkPf§g+)}gg+wkn}Gzjg+u)}p  kPzju  f	qrWknz~}prp>m$kjqr{|liµ}G|kCqtf«wk¨ w¨r« ; ?  «}{wQ«)mvdqr{w²uwzjg+qtoG{.«¶8)}g	kjWk  {wkPkP|fg	olm$k | o~WkP woGpt|f ]o  ?}{w  ; ?  ¨ h§{w&f+qr{wzPk  ;  qtf{woGg²q  kPzjg+prd¡|kb£w{wkP[eq³}´qrg	f  kPzju  f	qrWklz~}prptf~«Qm|u|goG{|prd¤qr{w²q  kPzjg+prd3}Gf;
,
 MJO(=(='PB;/Q(6ARAO1RAP4T6'R(QS.7&94/B6
 D  «²g+|qtf8ilof	gkjptkjilkj{vg¬}  d  k~}Gf	oG{|qr{|z~}{|{woGgm/kuwf	kP°±wk  k5}  k§}{vu|inm$k  o $¶±}Pd²f¥g	onzjq  zju|inWkj{eg±g+|qtf | oGm|ptkji&¨i	?q  f+g~«euwf+qr{|ng+wk§kb· | kPf¬f+qrWkg¾d  kf+d²f+g	kji
o $¸¥oSs«GoG{wk¥z~}{:kj{wzPoe|k¼¶8)}g	kjWk | o  k  g+qtkPfoG{wk¥¶8qtf+wkPf}m$oGu|g ;5uwf+qr{|5|k  kj{w|kj{vgg¯d  kPf~¨ 	wo  kb·w}i  ptk«
}Gf	f+u|ilk´g+)}g¶¼k´¶±}{vg:g	o | o~Wk´g+)}g:f	oGilk  of	gÙ»¯zPoG{w²qrg+qtoG{  A/T&    ;  woGpt|f~«¶8wkj{wkjWk  g+wk}  u|ilkj{vg  f¬}g+qtfÙ£)kPf5} | kb»¯zPoG{w²qrg+qtoG{  18O  ¨°±wkj{.«qrgqtfkj{woGu| ¶¥k-|kb£w{wk ;  qreg   oGi g+wkf+g¬}  gg	o)}PWkng+wk|k  kj{w|kj{vgg¾d  k
∀  *	  (8O  →  ? * ! A/T&  ? #" ¨½¾{g+|qtf¥¶±}PdW«²g+wk | k  of	g¥zPoG{w²qrg+qtoG{­qr{² ¢o  iµ}g+qtoG{A}m/oGu|g;qtf¥qri:ilkP²q³}g	kjprd´}P}qrp³}m|ptk¨o~¶¥kjWk  «|g+|qtf
} || oW}Gz	 }Gf¬f+u|ilkPfg+)}goG{wk º {wo~¶fl}p  k~}G²d3¶8wkj{7|kb£w{|qr{|; }prp¼g+wk | o  k  g+qtkPfg+)}goG{wk´¶8qrprp±kjWk 
{wkPkP }m$oGu|gqrg$¥°±|qtf§qtf{woGg  k~}prqtf	g+qtz«wm$kPz~}uwf	k}{ed´{woG{eg  qreq³}p|kjWkjpto  ilkj{vg5g¾d  qtz~}prprd  kPseu|q  kPfg+wknuwf	k 
g	o[f+g¬}g	k}{w | o~Wk&iµ}{vd qr{vg	k  ilkP²q³}g	k ptkji:iµ}Gf~« 8L_&%=8L&biY #K&Z#&8 S «¥m/kjg¾¶¼kPkj{ g+wk|kb£w{|qrg+qtoG{ o 
}´ ]u|{wzjg+qtoG{ }{w_g+wk£w{)}p¹g+wkPo  kji }m/oGu|gg+wkl Ju|{wzjg+qtoG{.¨´°±wk}m$o~Wk´} || oW}Gz	 ¶¼oGu|pt_g+wkj{  kPseu|q  klg	o
 S  K S('  S ;A¶8qrg+Lk~}Gz	L{wkj¶ ptkji:iµ}²«}{w[g+|qtf|kb£w{|qrg+qtoG{  kPseu|q  kPfng	o | o~Wklg+wkµ{wkj¶ptkji:iµ}A¶8|qrptk:g+wk
 ]u|{wzjg+qtoG{&qtf|kb£w{wkPQ«wqr{A}G|²qrg+qtoG{ g	o  kb» | o~Sqr{|´}prp.ptkji:iµ}Gf | kjeqtoGuwf	prd | oWkPQ¨
¤o  kPo~Wk  «qÀ noG{wkA{wkPkP|f´g	o_|kb£w{wkP }{w | o~Wk | o  k  g+qtkPf}m$oGu|g g¯¶¥o_ ]u|{wzjg+qtoG{wf~«fT}PdW« ;7}{w) «
¶¼k­}  kµ ¢}GzPkP_¶8qrg+=}&eqtzjqtoGuwfzjq  zjptk¡¦Jg+wk|k  kj{w|kj{vgÙ»©g¾d  k­|kb£w{|qrg+qtoG{=o N; iµ}~d  kPseu|q  kµg+)}go *)[}{w
 kPzjq | oSz~}prprd|®b¨C§kj{wzPk«²g+|qtf} || oW}Gz	Aqtfzjptk~}  prd´{woGg8uwf¬k~}m|ptkCqr{ }{vd´{woG{vg  qrSq³}p(|kjWkjpto  ilkj{eg~¨
+   	
  !#/%'?n#$)	*-,n'>	 *C	 Ù" #$ 46
o~¶¼kjWk  «g+wk  kqtfnf¬oGilkjg+|qr{| g	om$k  kjg¬}qr{wkP_   oGi g+wk} || oW}Gz¬ | kPf¬kj{vg	kPLqr{_g+wk | kjSqtoGuwff	kPzjg+qtoG{.¨
½Þ|k~}prprdW«vqÀ QoG{wk¶¥k  k§}m|ptkg	o|kb£w{wk§} ]u|{wzjg+qtoG{ ;¶8qrg+´}|k  kj{w|kj{eg¼g¾d  k  k | kPf	kj{eg+qr{|qrg	f * ilof+gWkj{wk  }p,
| o  k  g¯dW«?g+wkj{3qrg¶¥oGu|pt_m$k:kj{woGu|_g	o&|kb£w{wkµg+wk ]u|{wzjg+qtoG{LoG{wzPk}{w[ ]o  }prp¹¶8qrg+3g+wk | o  k  g¯dW«}{w
g+wkj{ }prp¹¦Jg  uwk®8ptkji:iµ}Gfqr{A}|kjWkjpto  ilkj{vg¶¼oGu|ptAm/k | oG}m|ptkC   oGi g+)}g | o  k  g¾dW¨
h {)}g+u  }p¹z~}{w²qtw}g	k ¢o  * g+wkilof	gWkj{wk  }p | o  k  g¾d¤o 8} Ju|{wzjg+qtoG{ ;C*
→  ,qtf5qrWkj{[mvd g+wk  }  [o  ;«g+)}g5qtf~«Q}  kjp³}g+qtoG{ ;,&f¬}g+qtfÙ ]dSqr{|
∀
  *   ?+*   ?-  ;  ↔  ;,  ?  ¨ h§{w¡f+qr{wzPk;,Lqtfl}  kjp³}g+qtoG{.«¥{woGg}  Ju|{wzjg+qtoG{.«¼qrg:m$kPzPoGilkPf  of¬f+qrm|ptk­g	o¡uwf	k­g+wk  o~¶¼k   ]u|pilkPz¬)}{|qtf+ilfµo K@A/B0[ ¢o 
|kb£w{|qr{|´}{w  k~}Gf¬oG{|qr{|´}m$oGu|g8qr{w²uwzjg+qrWk  kjp³}g+qtoG{wf~¨°±wkilkjg+woeg+wkj{ | oezPkPkP|f}Gf± ]oGprpto¶f~¨
¨  kb£w{wkn}{Aqr{w²uwzjg+qrWk  kjp³}g+qtoG{ ;«²¶8|qtz	 qtf8g+wkC  }  Ao g+wk5qr{vg	kj{w|kP& Ju|{wzjg+qtoG{ ;)¨
 ¨  kb£w{wk}{µ}u²·²qrprq³}  d Ju|{wzjg+qtoG{l¶8qrg+µ}5|k  kj{w|kj{vg¼g¯d  k8kj{wzPoS²qr{|Cg+wk± ©}Gzjgg+)}g;nf¬}g+qtf+£)kPfqrg	f  }  .«
q©¨ªk¨r«)|kb£w{wk ;APB8S4(.T%C*
→  ? * ! ;,  ? " }Gfkb·  p³}qr{wkPqr{ cSkPzjg+qtoG{  ¨j ë$Ø"k$lVmm
(²¨  kb£w{wk ;µmvd  kjilo~Sqr{|µg+wkC|k  kj{w|kj{vg§g¯d  kno ;P894(.7%/«²g+vuwf  kP²uwzjqr{|µqrg	f8g¾d  k5g	o6h
→
¨
 w¨  o~Wkg+)}g ;,|kb£w{wkPf} Ju|{wzjg+qtoG{Aqr{&g+wkCuwf+u)}pQiµ}g+wkjiµ}g+qtz~}pf	kj{wf	kl¦Ju|{|qrWoSsvuwk  kjp³}g+qtoG{®b¨
 ¨ 	?qr{)}prprdW«)   oGi g+wkn|kb£w{|qrg+qtoG{ ;,´¶¼koGm|g¬}qr{Ag+wk£|·  oGqr{vgkPsvu)}g+qtoG{¡o L;)«/}{w   oGi g+wk qr{w²uwzjg+qtoG{
| qr{wzjq  ptkPfo  ;,¶¼k|k  qrWkCqr{w²uwzjg+qtoG{ | qr{wzjq  ptkPf ¢o  ;)«²¶8|qtz¬ z~}{m$k5uwf	kPqr{&oGg+wk | oSo ¢f~¨
°±wk¤£|·  oGqr{eg­kPseu)}g+qtoG{ }prpto~¶f&g	o=u|{² ]oGptyg+wk[|kb£w{|qrg+qtoG{0o  ;7qr{ | oeo ¢f´mvdyqr{w²uwzjg+qtoG{.¨ ±kjg+g	k  «§g+wk
qr{w²uwzjg+qtoG{ | qr{wzjq  ptk}u|g	oGiµ}g+qtz~}prprd&|oekPf8g+wkqr{w²uwzjg+qtoG{ ¦]f  prqrg+g+qr{|lg+wk | oeo qr{vg	oµ}G|kPseu)}g	kf+u|m | oSo ¢fT®b¨
  	
 "!#$
°±wk  o~¶¥k  fo   z~}{&m/kC|kb£w{wkP¤}Gf








% 4  )	/476'& )/M&  6C* 6	:&  * 6	:& * -IJ:B&S.7% 6 M94T&(%
 ' -)( *
 ,+ 0- ( IS:&S.T%  O/.	O6	P(/BR'RAP1RAO.  + 0  M 47&(%
 ='OB;(& P - (  )/M&  RJ40.)&  + 0  21  )/M3&  RS4 .3&  + 0  
 894 )(%(& P -)( 6 1  )/M& 0 OB6'R
O6AR
 ?zPoGu  f¬k«²g+|qtf8|kb£w{|qrg+qtoG{&qtf±{woGg}GzPzPk  g	kP­mvd&¸¥oesµm/kPz~}uwf¬k§g+wk£  f	g  kPzju  f	qrWkCz~}prptf}  k5{woGg  k   ¢o  ilkP
oG{Lf	g  uwzjg+u  }prprd_f+iµ}prptk  }  u|ilkj{vg	f~¨ §k  k«O/.	O6	P(/BR'RAP1RAO.­qtf} ¸¥oSsEK S  VML&)«  kjg+u  {|qr{|¡kjqrg+wk  ='OB;(&
}{w} | oSo Qo .g+wk ¢}Gzjg¥g+)}g¹qrg	f±}  u|ilkj{vg±qtf¥kjWkj{.«eo  8S4 )1%(&l}{w´} | oSo .o .g+wk8 ©}Gzjg¹g+)}g¥qrg	f¥}  u|ilkj{eg
qtfoS|Q¨  oSo ]f}  kq + kjptkjG}{egwk  kn}{w&}  k  k  p³}GzPkPAmvd´g+wk P  p³}GzPkjwoGpt|k  ¨
$ Â @657 Â98c7 < 7 ;= 3 Â 7A@ 3 Æ C 3 Â )/M3&   7 =< Æ87 °±wk£  f+gCf+g	k  qr{¡g+wkilkjg+woS[|kb£w{wkP3}g
g+wkm/kjqr{|{|qr{|o g+wkf	kPzjg+qtoG{¤zPoG{wf	qtf+g	fqr{¡|kb£w{|qr{|­g+wkn  }  ¡o  )	/M&}Gf5}{¤qr{w²uwzjg+qrWk  kjp³}g+qtoG{.«$¶8|qtz¬
zPoGi  ptkjg	kjprd * i:qri:qtzPfQ,5g+wkCqr{vg	kj{w|kP |kb£w{|qrg+qtoG{ o )/M3&:¶8qrg+&qrg	f8g+  kPkz~}Gf	kPf f
D76AR1Q9.7&S40.O )/M3&'P8O'= * 6	:&;:<( 6:B&=:<( 18	/) *-
 )	/M&(P ' * )/M3&'P8O'= ' *
 )	/M&(P + P(O2.O6 *V;A/B8:'=(= 6 0 )/M&(P10  6- + 0;:<(  O/.OB6P'/BR(RPBRO.  + 0   - ='OB;1& P>:<()/M3&'P8O'=  RJ40.)&  + 0   )/M3&'PB0;:<(  )	/M&(P8	O(=  + 0   )/M3&(P10 1 )/M&(P10 
 )	/M&(P + P(/1R(R *V;A/8	:(='= 6 0 )/M3&(P10  6- + 0;:/(  O2.O6	P(/1R(RAP1RAO	.  + 0  - 8S4 )1%(& P>:<()	/M3&'P8	O(= 0 )/M&(P10?:/( )/M&(PB8O(=  + 0   & 1 )	/M3&'PB0  2
°±wk )	/M3&'P ' z~}Gf	k¦]o  UL&  J L+®.|k~}ptfQ¶8qrg+g+wkm)}Gf	kz~}Gf¬k«~¶8wk  k~}Gf.g+wk)/M&(P + P(O2.OB6}{w)	/M3&'P + P(/BR'RzPoG{wf+g  uwzjg	o  f§|k~}p.¶8qrg+&g+wkz~}Gf	kPf¶8wk  kCg+wkn}  u|ilkj{vg§qtfkjWkj{.«  kPf  kPzjg+qrWkjprdoe|Q¨
$ Â @ Q@ < <J| Ã   7 =< Æ:7[Å <N 3 
 <N 3 7 Â @ Â"7 Ç Â7  2 Ã @ Â °±wk±g¾d  k¥ ]o  oGu  qr{eg	kj{w|kP: ]u|{wzjg+qtoG{
qtf}|k  kj{w|kj{vg§g¯d  kf  kPzjqÀ ]deqr{|g+)}gg+wkC Ju|{wzjg+qtoG{AfT}g+qtfÙ£)kPf8g	o:qrg	f8  }    kjp³}g+qtoG{.¨
A O1;J4T6S47&94/B6 )	/M&(P&'?()	O  6C*<6:&  * -  )	/M&(P6+* 6:&  )/M3&'P8O'= 6 )	/M&(P6 " 2
 k8}ptf	o5|kb£w{wk}{l}u²·Sqrprq³}  dn Ju|{wzjg+qtoG{)	/M3&'PM;)«G¶8|qtz	:¶8qrprpwf¬k  Wk±}Gf ]8K&AJML&6  S N ¢o  g+wk¸¥oSsprqrm  }  d$¿ªf
M	O'=(='PB;A/BQ(6ARAOBRP4T6'R1Q9.7&94/6ng+wkPo  kji ¦¢}p  k~}G²d²qtf¬zjuwf	f	kPqr{µcSkPzjg+qtoG{  ®b¨ )/M&(PMA;f¬}~dSfg+)}gqÀ $oG{wk º {wo¶f
wo~¶ g	o:|kb£w{wk)/M3& ¢o  f+iµ}prptk  }pruwkPf~«²g+wkj{AoG{wk º {wo~¶f8wo¶0g	o:|kb£w{wkCqrg± ¢o  g+wkCzju + kj{vg}pruwk h ¶¥kjprp
 ¢oGu|{w|kP&o  |k  qtf}Gf	f	u|ilkPQ«|wk  k«|qrg8qtf8g+wkCuwf	u)}pCB:oG{&{)}g+u  }p.{eu|inm$k  f~¨
ëNÖ©ìðå©ê
°±wk|kb£w{|qrg+qtoG{¤o )/M&(PMA;lqtf«|o zPoGu  f	k«}zPoG{wf+g  uwzjg+qrWknoG{wkn}{w  kPsvu|q  kPf} | oeo o kb·²qtf+g	kj{wzPk ¨
A O1;J4T6S47&94/B6 )	/M&(PM; * ;A/8	:(='= 6  ;/8	:(=(= I  I B6=:<( )	/M3&'P&'?()O I  :/( )	/M&(P&'?()	O 6+22(2'2
A O1;J4T6OBRC2
°±wk | oSo nzPoG{wf+qtf+g	fµqr{ zPoG{wf+qt|k  qr{| g+  kPkAz~}Gf¬kPf~«±¶8|qtz	 zPo + kPf  oG{w g	o3g+wof¬k&qr{ g+wk  f	kjuw|o»¢£|·  oGqr{eg
|kb£w{|qrg+qtoG{ o )	/M3&µ}{wg	o:g+wkCf¬}ilkg+  kPkzPoG{wf+g  uwzjg	o  fqr{Ag+wkC|kb£w{|qrg+qtoG{ o g+wk)/M3&(PB8O'=  }  .¨
°±wkj{.«|medf+g¬}{ww}  uwf	kCo g+wk M	O'=(='PB;A/BQ(6ARAOBRP4T6'R1Q9.7&94/6µg+wkPo  kji&«}Gfkb·  p³}qr{wkPqr{&qr{ cSkPzjg+qtoG{  «
A O1;J4T6S47&94/B6 )	/M&(P894(.T%C*-  MJO(=(='PB;/Q(6ARAO1RAP4T6'R(QS.7&94/B6
=B&PM;  ;1Q'6  - (B)/M3&(PB&(?')O  )/M3&(PMA;  2
k  k«9=&	PMA;µqtf} | oSo (   oGi ¸¥oes/¿ªf8prqrm  }  qtkPfg+)}gg+wk B:o  |k  oG{{)}g+u  }p>{vu|im/k  fqtf8¶¼kjprp> ]oGu|{w|kPQ¨
$ Â @. < '< 7 ²=< 7 ;= 3 Â 7 Â @ Â7 Ç Â"7  2 Ã @ Â °>o´|kb£w{wk )	/M&¶¼kkjprqri:qr{)}g	kg+wk|k  kj{w|kj{vgCg¾d  k
qr{² ¢o  iµ}g+qtoG{3o  )/M3&'P8S4'.7%qr{[}´f+qri  ptkzPoGi:iµ}{wQ«.g+vuwf5iµ} º qr{|´qrgC}l Ju|{wzjg+qtoG{¤   oGi 6	:&g	o 6:B&¨5°±wk
¸±}i:p>zPoS|k5Wkj{wk  }g	kP&med&¸¥oSs/¿ªf8zPoe|kCWkj{wk  }g+qtoG{ g	oeoGp©«²qr{w²qtz~}g	kPfg+)}g¶¼k}  k|oGqr{|l¶¼kjprp f
A O1;J4T6S47&94/B6 )	/M&  6C*<6:&  * 6:& * -
='O&  ;	[P  * - )/M&(PB8S4(.T% 6 4T6
;32
 191 .:'= )/M& * 6:B&;:/( 6	:& 191=(OB& 8O. )	/M3& - ;1Q'6S.T&S4/B6
  :/( +
 + 6=:<(  IS:&S.T% O/.OB6P'/BR(RPBRO.  + 6  M 47&'%
 	 OB;(&;:/( ='O& -' - )/M3&  RJ40.)&  + 6   476 IAQ	=& -' -'
 94 )(%(&;:<( IAQ	=&  +  +
   )	/M3& 6 
$ Â @. Æ9 < 7 ;_ 3 ² )/M&(PB8O(= <J   7 =< Æ87  §kb·²g~«w¶¥kf	wo~¶ g+)}g )/M3&'P8O'=´}Gzjg+u)}prprd&|kb£w{wkPf
f	oGilk ¦N ]o  {wo~¶«  }  g+q³}pN®: Ju|{wzjg+qtoG{ qr{ g+wk uwf+u)}piµ}g+wkjiµ}g+qtz~}pCf	kj{wf¬k«¼g+)}g´qtf~«¥g	o_k~}Gz¬ }pruwk&qr{ g+wk
|oGiµ}qr{Aqrg}Gf	f	oSzjq³}g	kPf§}gilof+g§oG{wk}pruwkCqr{&g+wkzPo»¯|oGiµ}qr{.¨ 	wo  g+|qtf~«w¶¥kf+)}prp  kPseu|q  kqr{&Wkj{wk  }p(g+)}g
g+wkz~}Gf	kPf¦]zPoG{wf+g  uwzjg	o  fT®|kb£w{|qr{|ng+wk  }    kjp³}g+qtoG{µm$k7inu|g+u)}prprdlkb·|zjpruwf+qrWk¨°±|qtf¹qtf  k~}Gf	oG{)}m|ptk«Sf+qr{wzPk
g+wkzPoG{wf+g  uwzjg	o  f¼iµ}g	z	g+wkz~}Gf	kPf¹qr{:g+wk8 ]u|{wzjg+qtoG{.¿ªf  f	kjuw|oSzPoe|k|kb£w{|qrg+qtoG{.«v¶8|qtz¬µ)}PWkg	oCm$k±inu|g+u)}prprd
kb·|zjpruwf+qrWkCqÀ ¶¼kn}  k5WoGqr{|lg	oµ|kb£w{wkn} Ju|{wzjg+qtoG{¡}g}prp©¨
	 OI(IS: )	/M&(PB;(Q(69.7&S4B/6	:(= * ;A/B8:'=(= 
 * 
 & V)	/M&(P8	O(= 
 *:<( )	/M3&'P8	O(= 
 &>:<( 
 * - 
 &22(2'2
 O1R32
$ Â @$  < @ @ Æ < 7  >²=< Æ:7  7 Ç 7 Ç(=< Æ87 1< 7 <]@ Â °±wk´z  uwzjq³}p ¢}Gzjgg+)}g:g+wk )/M3&(PB8O'=
 kjp³}g+qtoG{¡qtf ]u|{wzjg+qtoG{)}p}prpto~¶fuwf{wo¶!g	oµoGm|g¬}qr{¡g+wkC£|·  oGqr{egkPseu)}g+qtoG{[o L)/M3&w¨½¾{vg+u|qrg+qrWkjprdW« )/M3&(PB8O'=
}{w )/M3&  k | kPf	kj{eg:g+wkf¬}ilk ]u|{wzjg+qtoG{.«¹}{w )/M3&(PB8O'= qtfWk  dLzjptof	k   oGi g+wk£|·  oGqr{vg:kPseu)}g+qtoG{=o 
)/M3&w¨ hf}µiµ}g+g	k  o  ¢}Gzjg~« ¢o  }µilkjg+woe|oGptoGqtz~}p  oGqr{vg5o eqtkj¶qrgqtfm$kjg+g	k  g	oµf	k  }  }g	kg+wkzPoG{vg	kb·²g	f
o g+wk  kPzju  f+qrWkz~}prptf8qr{Aqr{w²qreqt²u)}p.ptkji:iµ}Gf«)}ptf	o:uwf	kb ]u|p$ ¢o 8 kj¶  qrg+qr{|w¨
 âç×CâGê¬Ûðá³æGêjT×æçÖ©àPàTáìíåàTÝ8ìðÚ¢Ú©×fZµáÀà¬Öå¢ìíÝ8æçÛðìíéÞìðÚNÜcbAï(ÛðÛ>éÙàbÝ8æçÛí×¾Ú©×5×-oçêTÝ8æçÛí×Þå8ìíØµÚ©â×5æêTæ×ÞÖé+ê¬Ø­ß×ZàEi.ØçÛðàjêZ×[Zá Ö©àbÝ
! #"%$$!&'&&)(+*!,*-/.0(21',$/34','45-'$768'9:*; <4$/='9:-;9:$/,.! ?>7@AA$ b g× i$àTÕÛ ZÛðì hb×nÚ©àlæàbìðØPÚ5àTÕçÚ§Ú©âGê¬ÚæçÖ©àPà¬áÀåCê	Ö©×éÙàTÝ8æÛð×ÞÚ©×ÙÛªÜjb×ÞØ×ÞÖ©ìðéB)Ú©â×ÞÜâê	äb×ß×Ù×ÙØÖ©×ÞæçÖ©ànZçÕçéÙ×[ZÝêTØPÜ8Ú©ìðÝ8×Ùå$áÀà¬Ö?Ýê¬Ø~Ü× oê¬Ý8æÛð×Ùå.ê¬ØZê¬ÛYiQêÙÜå>á àbÛðÛðàEiAÚ©â×å©ê¬Ý8×æGê	Ú¢Ú©×ÞÖ©Ø'b
j ë$Ø"k$lVmm
 1 .:BO * :B8 )1Q1IJOB6(&- ')1 
	 OI(IS: )	/M&(P ' * )/M3& ' -;* 22(2'2
 O1R32
  4T6(& 	O 1/(=/.	O )/M&(P ' * >: 1O 2  1 ;A/B8 :BQ(&	/TIJ:B&S4'. 8	OMA8S47&9476 ) 1 
 1 .:BO * O2.O6 6/6 : 
 O8/ :8 )1Q1IJO6'& 1
	 OI(IS: )	/M&(P + P(O2.O6 *V;A/B8:'=(= 0  O2.O6	P(/1R(RAP1RAO	.  + 0  - =(OB;(& P3:<()	/M&  + 0  -  )/M3&  RS4 .3&  + 0 21  )/M&  RJ40.)&  + 0  22(2'2
 O1R32
  4T6(&OB/'=/.O )	/M3&'P + P(O/.	O6+*K>	: BO2
 1 .:BO * /BR(R :B8 )1Q1IJOB6(& 1
	 OI(IS: )	/M&(P + P(/1R(R *V;A/8	:(='= 0	 O2.OB6P(/1R(RPBRAO	.  + 0  - 8S4 )1%(& P>:<()	/M&  + 0  - & 1  )/M&  0  22(2'2
 O1R32
  4T6(&OB/'=/.O )	/M3&'P + P(/BR'R3* >:BO 2
 1 % 4  )/	476'& O101Q	:&S4B/6 1 
	 OI(IS: )	/M&(PB;S4  )/4T6(& * ;A/8	:(='= 6 )/M& 6 -IJ:B&S.T% 6 M 47&(%
 ' -)(>*
 + 0- (IS:&S.T%  O/.	O6	P(/BR'RAP1RAO.  + 0  M94T&(%
 =(OB;(& P -)(  )	/M&  RJ4 .3&  + 0   1  )/M3&  RS4 .3&  + 0  
 8S4 )(%(& P - ( & 1  )/M3& 0 OB6'R
O6AR32
476'&(8	/  2
RAOT&'8(QS.T& 6 :BQ(&/ M 47&(% >:BO2
.:BO  O2.OB6P(/1R(RPBRAO	.  + 6   :Q'&/ M94T&(% >:BO2 O1R32
 k)}~Wk:oGm|g¬}qr{wkP¡g+wkn£|·  oGqr{vgkPseu)}g+qtoG{.«Q¶8|qtz	_}prpto¶fCg	o­u|{² ]oGpt¤g+wk:|kb£w{|qrg+qtoG{3o 8}l ]u|{wzjg+qtoG{[qr{
} | oSo Ù«¥}¡z  uwzjq³}p ¢k~}g+u  k­qr{ | oeo ¢f:mvd qr{w²uwzjg+qtoG{.¨ ¥u|g:¶¼kAz~}{ |o[kjWkj{ ilo  k f ¶¼kAz~}{ oGm|g¬}qr{ }{
]8K&AJL N8]8 XN8% S g+)}gn|oSkPfg+wkµqr{w²uwzjg+qtoG{3 ¢o  uwf~«(qr{L}{vd[zjq  zju|ilf+g¬}{wzPk¶8wk  k} | oSo oG{ )/M3& qtf
 kPseu|q  kPQ«mvd_f  prqrg+g+qr{|¤g+wk | oeo qr{eg	o¤}G|kPseu)}g	kf	u|m | oeo ¢f~¨O	)o  g+|qtf~«?¶¥kf+prqreg+prd3iloS²qÀ Jd[g+wkqr{w²uwzb»
g+qtoG{ | qr{wzjq  ptk±}u|g	oGiµ}g+qtz~}prprdWkj{wk  }g	kPnmed¸¥oSs ]o  g+wk¹qr{w²uwzjg+qrWk  kjp³}g+qtoG{N)/M&(PB8O(=w«¶8|qtz	qtf>qrWkj{mvd f
)/M3&'P8O'=(P	476'R *V;A/B8:'=(=  * 6	:&=:<( 6:B&=:<( 18	/)	
 ' *:/( ;/8:'=(= 6
0 )/M&(P10 * 6:B&	 6- + 0;:/( O2.OB6P(/1R(RPBRAO	.  + 0  - =(O1;1& P :/()	/M3&'P8	O(=  RS4 .)&  + 0  )/M3&(P10;:<(  RS4 .3&  + 0  )/M3&'PB0;:<(   + 0   )/M&(P10 1 )	/M3&'PB0 :/(
ëNÖ©ìðå©ê
 ;A/8	:(='= 6
0 )/M3&'PB0 * 6	:&V6- + 0;:<( O/.	O6P'/BR'RAPBRO.  + 0  - 8S4 )1%'& P>:/()	/M3&'P8	O(= 0 )/M&(P10>:/(  0 )/M3&'PB0;:<(   + 0   & 1 )	/M3&'PB0 :<( ;A/B8:'=(= 6 6 ' * 6	:&V)	/M&(P8	O(= 6 6 ' :<(  6 6 '
½¾{vg+u|qrg+qrWkjprdW«|g+wk )/M3&(PB8O'=(P4T6'Rqr{w²uwzjg+qtoG{ | qr{wzjq  ptkCf¬}~dSf¥g+)}g}{}  m|qrg  }  d | kP²qtz~}g	k woGpt|f¼ ¢o  {eu|i»
m$k  f 6 }{w 6 ' fT}g+qtfÙ JdSqr{| )	/M3&'P8	O(= 6 6 ' ¶8wkj{wkjWk  Af¬}g+qtfÙ£)kPfCf	oGilk:zPoG{wf+g  }qr{eg	fCg+)}gzPo + kPf  oG{w[g	og+wk  kPzju  f+qrWkn|kb£w{|qrg+qtoG{ o )/M3&(PB8O'=|¨°±wkCqr{w²uwzjg+qtoG{ | qr{wzjq  ptkC ¢o  g+wk )/M&P":JLlqtf8g+wkj{
	 OI(IS: )	/M&(P4T6'R *V;A/B8:(='=  * 6:B&=:<(6	:& :<( 18	/)	 '  )/M3& '  :<( ;/8:'=(= 6
0  6- + 0 :<( O/.	O6	P(/BR'RAP1RAO.  + 0  -
='OB;(& P>:/(  RS4 .3&  + 0   )	/M&  RJ40.)&  + 0   :<(  + 0    )	/M3&  RS4 .3&  + 0  21  )	/M&  RJ40.)&  + 0   :<(
 ;/8:'=(= 6
0  6- + 0;:<( O2.O6	P(/1R(RAP1RAO	.  + 0  - 8S4 )(%(& P>:<( 0  )/M3& 0  :<(   + 0   & 1 )	/M& 0 :<( ;A/B8:'=(= 6	 6  )/M3& 6  22(2'2
 O1R32
½¾g¼qtf¥Wk  dµf+qri:qrp³}  g	og+)}g8o >g+wkL)	/M&(P8	O(=  kjp³}g+qtoG{3¦¢}{w´uwf	kPf+)/M3&(PB8O'=(P4T6'Rqr{´qrg	f | oeo  í®b¨°±wkiµ}qr{
²qQk  kj{wzPkCqtf8g+)}g )	/M3&'P4T6'Rl{wo¶ ²q  kPzjg+prd  kb ]k  fg	o:g+wkC}pruwkPfo ?g+wk  kPzju  f+qrWkz~}prptfo  )	/M3&w¨
. Æ 3²=< Æ87 °±wkC} || oW}Gz	&z~}{­m$k}u|g	oGiµ}g	kPQ«)}g±ptk~}Gf+g¼ ¢o  g	oGg¬}p$ ]u|{wzjg+qtoG{wf±¶8qrg+woGu|g±{wkPf+g	kP­o  iu²»
g+u)}p  kPzju  f+qrWkCz~}prptf~¨½¾{g+wk5kj{eeqtf¬}WkP­g	oSoGp©«Sg+wkuwf	k  ¶  qrg	kPf±wk   ]u|{wzjg+qtoG{qr{  f	kjuw|oezPoS|k«|}{w | o~Sqt|kPf
}¡¶¥kjprpÀ»¢ ]oGu|{w|kP o  |k  oG{!¦]oG{wk&o b®g+wk& Ju|{wzjg+qtoG{.¿ªf­}  u|ilkj{vg	f~¨ °±wkAg	oeoGp¶¼oGu|pt g+wkj{y}u|g	oGiµ}g+qtz~}prprd
Wkj{wk  }g	kg+wkqr{w²uwzjg+qtoG{ | qr{wzjq  ptk}Gf	f	oSzjq³}g	kPg	o:g+wk5 ]u|{wzjg+qtoG{L¦¢}{wQ«)o  g+qtoG{)}prprdW«g+wk5 ]u|{wzjg+qtoG{.¿ªf8£|·  oGqr{eg
kPseu)}g+qtoG{®b«|¶8|qtz	¤z~}{&g+wkj{&m$k5uwf	kP­g	o | o~WknoGg+wk | o | k  g+qtkPf§o ?g+wkC Ju|{wzjg+qtoG{.¨
   |/@Bn%'?#/+* " %	%	: ;3#)¬%	Ù 2
°±wk8ilkjg+woSµ}ptf	o5¶¥o +º f ]o  ilo  kzPoGi  ptkb·  kPzju  f+qtoG{  }g+g	k  {wf¹f+uwz¬}Gf{wkPf+g	kP}{wo  inu|g+u)}p  kPzju  f+qrWk
z~}prptf}{w&z~}{ |k~}p.¶8qrg+  }  g+q³}pQ ]u|{wzjg+qtoG{wf~«)}prm$kjqrgptkPf	f}u|g	oGiµ}g+qtz~}prprdW¨
Â P Â Ç 
´Â (ç< 9/Â n J ¸¥oG{wf+qt|k  g+wkC ]oGprpto¶8qr{|  f	kjuw|oSzPoe|kC¶8qrA{wkPf+g	kPz~}prptf
% 4  )	/476'&
;  6C*<6:&  * 6	:& *-IJ:B&S.T%  =(O'P )1&	PBRO. 6 '  M947&'%
 ='OB;(& P -)( '
 894 )(%(& P - ( 1  ;  & 1  ;  6:-*  O6AR
k  k«S=(O(P,)1&	PBRAO	. 6 ' qtf}|kPzjqtf+qtoG{¶8|qtz	Akjqrg+wk  kjg+u  {wf =(O1;1&}{w&}¦Jwk  k«|q + kjptkj}{vgT® | oeo o 6 B,-
' «|o  8S4 )(%(&­}{wA}¦Jprq º kj¶8qtf	k«|q + kjptkj}{vgT® | oeo o  6 ( ' ¨°±wkzPo + kPf  oG{w²qr{|l  }    kjp³}g+qtoG{ qtf f
D76AR1Q9.7&S40.O ;, * 6:B&:/( 6	:& :<( 18/B) *-
 ;P'=(OB;(& * ;/8	:(=(= 6    =(O'P )(&PBRO. 6 ' - =(O1;1& P   :/( ;, 6 '
 ;PB8S4 )(%(& *V;A/B8:(='= 6 I
)    =(O'P )(&PBRO. 6 ' -8S4 )1%'& P   :<( ;  6:-*  I6:/( ;,  & 1 I  ) :/( ;, 6   1 )  2j ë$Ø"k$lVmm
oGg	kwo~¶g+wk{wkPf+g	kP  kPzju  f+qrWknz~}prptkPA)}Gf§²qtfT} | k~}  kP&   oGi g+wk  kjp³}g+qtoG{.¨8§o¶«)qÀ ¶¥k8Ùuwf+g§} | prdoGu 
ilkjg+woSA}{wg  d´g	o:|kb£w{wk}|k  kP|kj{vgÙ»©g¯d  kP ]u|{wzjg+qtoG{
A O1;J4T6S47&94/B6 ;P894(.7%	P&'?()O  6+*H6	:&  * -  ) * 6	:&  ;, 6 ) " 2A O1;J4T6S47&94/B6 ;P894(.7%	P * ;/8	:(=(= 6	 ;APB8S4'.7%PB&(?')O 6C2
¶¼kC}  k§qri:ilkP²q³}g	kjprdµ ©}GzPkP¶8qrg+}²qµzju|prg¯d f ¶¥k§)}~Wkg	o | oWk5g+)}g¼g+wk{wkPf+g	kP´z~}prp  kjg+u  {wf8f	oGilkjg+|qr{|
f+iµ}prptk  «wf¬og+)}g¶¼kz~}{Aptkjv}prprd­} | prd ;µg	o:qrg~«|q©¨ªk¨r«²¶¼k{wkPkPg+)}g & 1  ;  6:-*   B 6woGpt|f~¨ zPoGu  f	k«²¶¼kCz~}{|{woGg | o~WkCg+|qtf8f+qr{wzPk;µqtf±{woGg8dWkjg|kb£w{wkPA}g±g+)}g  oGqr{vg~¨ o~¶¼kjWk  «)¶¼kz~}{ | oWk
g+wkkPseu|qrG}ptkj{ego g+)}gzPoG{wf+g  }qr{vg§qr{g+wk5 ]u|{wzjg+qtoG{.¿ªf  }  .«|¶8|qtz¬A¶¼k)}PWk±Ùuwf+g|kb£w{wkP f
	 OI(IS: 6	O &OBRP)'8/(/1;AP'/>=	4 ):&S4B/6 *V;A/8	:(='= 6 I  ; 6 I :/(& 1 I?B 6  *e2
}{w3uwf¬k:g+|qtfnptkji:iµ}&qr{_g+wkf+u|mwf	kPseuwkj{vg} | prqtz~}g+qtoG{=o oGu  ilkjg+woSQ«?¶8|qtz	 | oezPkPkP|ff+iloeoGg+|prd¡   oGi
g+wk  koG{.¨  kCkjWkj{eg+u)}prprd&oGm|g¬}qr{Ag+wkCkb·  kPzjg	kP&qr{w²uwzjg+qtoG{ | qr{wzjq  ptkn}{w&kb·  kPzjg	kP ¸±}i:p>zPoS|k
 11 .:(= ; * 6:B&;:/( 6:& 191=(OB& 8O. ;  -IJ:B&S.7% ='O(P )(&P1RAO.  M947&'%
 	 OB;(&;:/( 
 94 )(%(&=:<( IAQ	=&  +  +  +    ;  IAQ	=&  +  +   ;  I 476'Q    +   
kj{wzPk«W ¢o  {wkPf+g	kP ]u|{wzjg+qtoG{­z~}prptfg+wkkb·  kPzjg	kP:ptkjWkjpo >}u|g	oGiµ}g+qtoG{´qtfilo  kprqri:qrg	kPµ»>qrgilk  kjprdlzPoG{wf	qtf+g	f
qr{Wkj{wk  }g+qr{|µg+wkC Ju|{wzjg+qtoG{.¿ªf  }   }{wg+wk6	O T&	OBRP)(8	/(/1;AP(/B>=	4 )A:B&S4B/6:»m|u|gf	g+qrprp.uwf	kb ]u|p©¨
 .( 
Â >=< 9Â n N 	wo   Ju|{wzjg+qtoG{wf¶8qrg+7iu|g+u)}p  kPzju  f+qrWkz~}prptf~«¹¶¼kz~}{=uwf	k´g+wk´inu|g+u)}prprd
qr{w²uwzjg+qrWk  kjp³}g+qtoG{wf­ ¢k~}g+u  k¡o ¸¥oes g	o |kb£w{wk¤g+wkjq    }  .¨ ¸¥oG{wf	qt|k  g+wk  f	kjuw|oSzPoS|k ¶8qr iu|g+u)}p
 kPzju  f+qtoG{ f
% 4  )	/476'&
;  6+*  * * -IJ:B&S.T%  =(O'P )1&	PBRO. 6 '  M947&'%
 ='OB;(& P -)( '
 894 )(%(& P - ( )  6:-* O6AR
% 4  )	/476'&)  6+* 6:&  * 6	:& *-IJ:B&S.T%  =(O'P )1&	PBRO. 6 '  M947&'%
 ='OB;(& P -)( '
 894 )(%(& P - ( ;  6:-* O6AR32
°±wkzPo + kPf  oG{w²qr{|l  }  &qtfg+wkj{&qrWkj{&mvd­g+wkzPo + kPf  oG{w²qr{|liu|g+u)}prprdqr{w²uwzjg+qrWk  kjp³}g+qtoG{wf
D76AR1Q9.7&S40.O ;, * 6:B&=:<( 6:&=:/( (8/B) * -
 ;P ' *V;A/B8:(='= 6    =(O(P,)1&	PBRAO	. 6 ' -
='OB;(& P   :<( ; 6 '
 ;P )(& *V;/8:'=(= 6     =(O(P,)1&	PBRAO	. 6 ' - 8S4 )(%(& P   :/( ),  6 :*   :<( ;, 6 M94T&(%
), * 6:B&=:<( 6:B&;:/( 18/B) * -
 )P ' *V;A/B8:(='= 6    =(O(P,)1&	PBRAO	. 6 ' -
='OB;(& P   :<( ) 6 '
 )P )(& *V;/8:'=(= 6     =(O(P,)1&	PBRAO	. 6 ' - 8S4 )(%(& P   :<( ;,  6 :*   :/( ) 6  2 ëNÖ©ìðå©ê
½¾g¼qtf¥g+wkj{­{)}g+u  }p$g	o|kb£w{wkm$oGg+µ ]u|{wzjg+qtoG{wf;l}{w ):f+qrinu|prg¬}{wkPoGuwf	prd¡¦Jqr{­o  |k  g	o}~WoGqt}nSqtzjqtoGuwf±zjq  zjptk
qr{¶8|qtz	 g+wk|k  kj{w|kj{vgÙ»©g¯d  kPA|kb£w{|qrg+qtoG{ o L;  kPsvu|q  kPfg+)}go  ) «w}{w  kPzjq | oSz~}prprdw® f
A O1;J4T6S47&94/B6 ; ), * 6:B&;:/( 6	:& 1 6:B&=:<( 18	/) *- ;(Q(6 6 ) -)(B;, 6  ; T& )  , ,), 6  T6AR )  2A O1;J4T6S47&94/B6 ; ),	P&(?')O  6 * 6:B&  *-  I*H6	:& 1 6:B&  ;) 6 I " 2A O1;J4T6S47&94/B6 ; )APB8S4(.T% * ;/8	:(=(=   ;),	P&'?()O  2
°±wklilkjg+woS | oSzPkPkP|f   oGi wk  koG{.¨°±wkµWkj{wk  }g	kP ¸±}i:p¼f	de{eg¬}ç·[|oSkPf{woGgkb·|}Gzjg+prd¡iµ}g	z¬_g+)}go 
¸¥oSs«w}Gf8¶¥kz~}{|{woGgkb·  kPzjgg+wk5Wkj{wk  }g	o  g	o:uwkPf	fg+)}g8¶¼k}  k}ç ]g	k  iu|g+u)}prprd  kPzju  f	qrWkC ]u|{wzjg+qtoG{wf f
 11 .:(= ; * 6:B&;:/( 6:& 191=(OB&
; 6-
; &
 =(OB& 8O. :	.(.P	47&	O8  -IJ:B&S.7% ='O(P )(&P1RAO.  M947&'%
 	 OB;(&;:/( A:4T8     
 94 )(%(&=:<(='O& -' -
:.(.BP4T&O8  I 476'Q    +
   476A:	478  T6'R )'    ; T& -' 476 :	.(.P	47&	O8 6 
o~¶¼kjWk  «¥g+wkf	kjiµ}{eg+qtzPfµo g+wkA¸±}i:pzPoe|k­qtfg+)}gµkb·  kPzjg	kPQ¨^hf ]o  qr{w²uwzjg+qtoG{ | qr{wzjq  ptkPf~«¹¶¥kz~}{
Wkj{wk  }g	kP&g+wof¬kCzPo + kPf  oG{w²qr{|g	og+wkµ¦Jinu|g+u)}prprdqr{w²uwzjg+qrWk®8  }  wf§}Gf *¯| kPf¬z  qrm/kP,5mvdoGu  ilkjg+woSQ¨
½¾{f	oGilk§z~}Gf	kPf~«vwo~¶¼kjWk  «²g+wkPf¬kqr{w²uwzjg+qtoG{ | qr{wzjq  ptkPf±}  kWk  d:WoeoS}g | o~Sqr{|}{edeg+|qr{|»(¶¥ki:qreg
{wkPkP3g	oA  }P¶ qr{wf  q  }g+qtoG{_   oGi f+g  oG{|Wk  qr{w²uwzjg+qtoG{Lf	z¬wkjilkPfo 8g+wk:iu|g+u)}prprd3qr{w²uwzjg+qrWk  kjp³}g+qtoG{wf­¦¢}Gf
Wkj{wk  }g	kP´mvdlg+wk + .T%OIJOzPoGi:iµ}{w­o ¸¥oSs²®b¨½¾{kjWkj{­ilo  k  }  kz~}Gf	kPf~«Sf+uwz¬}Gf¼g+wof	k|kPf	z  qrm$kPµqr{- 1 «cSkPzjg+qtoG{   w¨)(²¨)(²«QkjWkj{¡g+wk + .7%	OTISO»©Wkj{wk  }g	kP¡qr{w²uwzjg+qtoG{ | qr{wzjq  ptkPfn}  kg	oSoµ¶¥k~} º «.}{w¤¶¼kiµ}~dA{wkPkP¡g	o|kb£w{wkf  kPzjq³}prqtf	kPqr{w²uwzjg+qtoG{ | qr{wzjq  ptkPf}{wg	o | oWkg+wkji iµ}{eu)}prprdW¨
|=<J+  7 =< Æ87  	?qr{)}prprdW«|¶¥k§m  qtkwd­²qtf	zjuwf	f±g+wkC} | prqtz~}g+qtoG{Ao oGu  ilkjg+woe­g	o  }  g+q³}p$ ]u|{wzjg+qtoG{wf~¨
h *¯ }  g+q³}p, Ju|{wzjg+qtoG{ ; *
→  «¶8wof	kA}Gzjg+u)}p5|oGiµ}qr{ qtflg+)}g´f¬}g+qtfÙ ]deqr{|_} | kP²qtz~}g	k *  →18	/)/«Wqtf¹f	qrinu|p³}g	kPmvdµ}|k  kj{w|kj{vg+prde»©g¯d  kPµg	oGg¬}p Ju|{wzjg+qtoG{¶8qrg+µg¾¶¼o}  u|ilkj{vg	f;* ;A/B8:(='=   *     →  «|¶8wk  kng+wkf	kPzPoG{w¤}  u|ilkj{vgqtf§} | oSo o     ¦Jg+)}gg+wk Ju|{wzjg+qtoG{ qtf * |kb£w{wkP,C ]o  g+wk£  f+g8}  u|ilkj{vgT®b¨¼½© C;:zPoG{eg¬}qr{wf  kPzju  f+qrWk5z~}prptf¥g+wk§f+qrg+u)}g+qtoG{­qtf¼ilo  k5zPoGi  prqtz~}g	kP­g+)}{m$kb ]o  k«Sm$kPz~}uwf	k
¶¼k5)}~WkCg	o | o~Sqt|k | oSo ]f±g+)}g8g+wk}  u|ilkj{eg	fg	o  kPzju  f+qrWkz~}prptf±qtf}ptf	oqr{­g+wkCf+u|m$|oGiµ}qr{.¨o~¶¥kjWk  «
g+|qtfn²qµzju|prg¾d3qtfnf¬oGilkj¶8)}go  g+woGWoG{)}p¥g	o&oGu  ilkjg+woS[»§g+wkµf¬}ilk²qµzju|prg¯d3oSzPzju  f ¢o  f+g  uwzjg+u  }prprd
 kPzju  f+qrWk Ju|{wzjg+qtoG{wf¥}Gf¶¼kjprp©¨ih  }  g   oGig+|qtf | oGm|ptkji&«eg+wk8ilkjg+woSl¶¼o +º f  k~}Gf¬oG{)}m|prd¶¥kjprp)qr{lqrg	f¹f  q  qrg~«
}prg+woGu|¤}u|g	oGiµ}g+qtoG{ i:qrvgm$kPzPoGilkCilo  k²qµzju|prg~¨
 kqrprpruwf+g  }g	k  }  g+q³}p/ Ju|{wzjg+qtoG{wf¥¶8qrg+&}nWk  f+qtoG{o >g+wkqr{vg	kjWk  ptoGv}  qrg+|i  Ju|{wzjg+qtoG{.«S¶8|qtz¬&zPoGi  u|g	kPf
g+wkptoGv}  qrg+|i<qr{&m)}Gf	k  o g+wk  o~¶¥k  o   zjptof¬kPf+g¦N   oGi m$kjpto~¶§®±g	oµqrg	fqr{  u|g~¨  kz	woSof	kg	o:iµ} º k}{
kb·²g	kj{wf+qrWkuwf	ko ¥|k  kj{w|kj{vgCg¯d  kPf5qr{¡o  |k  g	o´g	kPf+g5g+wkprqri:qrg	fCo ¥oGu  ilkjg+woSQ¨  k£  f+gC|kb£w{wk:}¸¥oes
|kPzjqtf+qtoG{.«|¶8|qtz¬& ¢o  }prp>f+g  qtzjg+prd  of	qrg+qrWk 6  kjg+u  {wfkjqrg+wk  6:/&:o  } | oSo g+)}g6 -* f
A O1;J4T6S47&94/B6 &(894(.7&')/BPBRO. *V;A/8	:(='= 6 6 ( ' :<(  ) * 6:B&  6- ) )& "    6-;* " 22(2'2
A O1;J4T6OBRC2
°±wk  f	kjuw|oSzPoS|kCo  oGu   ]u|{wzjg+qtoG{ ]oGprpto¶f~¨°±wkz~}Gf¬kPf}  k5qt|kj{vg+qÀ£)kPAmvdzPoGi:ilkj{vg	f§qr{g+wkzPoS|k¨
j ë$Ø"k$lVmm
% 4  )	/476'& =(/ )  6C*H6	:&   % * 6 ( '  * 6:B& * -IJ:B&S.T% &(894(.7&')/BPBRO. 6 % M 47&'%
 4T6(894 )1%'& P - ( '  1 .: 1O 6 -* 1 
 4T6='OB;1&   - ( IS:&S.T%   M 47&'%  O  4T&  P  - ( 1 .B: BO 6 (?*  %OB8O   - 6:/& 1 *    =(/,)  *  'RJ4 .3&  ='O(P)	=Q BP(=?*  RS4 .3&    1 B:n)(8	/(/1; 1 O6'R
O6AR
°±wk =(/,)µ ]u|{wzjg+qtoG{¡qtf *¯ }  g+q³}p,qr{¤g+)}gqrgqtf5oG{|prdA|kb£w{wkP  ]o  6 ( ' ¨5°±wkf	kPzPoG{w¤}  u|ilkj{eg% * 6 (
' qtf} | oeo kj{wzPoS²qr{|lg+|qtf  }  g+q³}prqrg¾dW¨¼°±wkj{.«/} | oeo {wkPkP|f}ptf	og	o:m$k  }Gf	f	kPg	o:g+wk  kPzju  f+qrWkz~}prp©¨¹½¾gqtf} | oSo ?g+)}g*   RJ40.)&  ( ' ¶8wk  k RJ40.)&:qtf8g+wkCqr{vg	kjWk  ²qreqtf	qtoG{mvd  ¨ k8{wkPkP}§ ]kj¶7ilo  kf	g	k  fm/kb ¢o  k±¶¼kz~}{} | prdoGu  } || oW}Gz	.¨ 	?q  f+g~«g+wk} || oW}Gz¬qtfm)}Gf¬kPloG{:g+wk
M	O'=(='PB;A/BQ(6ARAOBRP4T6'R1Q9.7&94/6¤g+wkPo  kji    oGi ¸¥oes/¿ªfprqrm  }  dW«¶8|qtz¬ oG{|prd_}prpto¶fg	o&m|u|qrpt_ Ju|{wzjg+qtoG{wf¶8qrg+
oG{wkn}  u|ilkj{eg~¨3kj{wzPk«|¶¼kC  oGu  g+wkCg¯¶¥o}  u|ilkj{vg	f§o ?g+wkN=(/ )l Ju|{wzjg+qtoG{Aqr{vg	oµoG{wkCo g¯d  k f
D76AR1Q9.7&S40.O T&'8S4'.7&()	/  * + O& * - &(894(.7&')/BP *V;A/8	:(='=  6C*<6:&   % * 6 ( '   T&(894(.T&()/ 2
°±wkj{.«S¶¼k5|kb£w{wkg+wk  }  o (} Ju|{wzjg+qtoG{|kj{woGg	kP =(/,)j«v¶8|qtz¬´qtf8}nWk  f+qtoG{­o =(/,)¶8qrg+oG{wk}  u|ilkj{eg
o g¯d  k &(8S4'.7&')/  f
D76AR1Q9.7&S40.O =(/,)EP8O'= *&(894(.7&')/ :/( 6	:&=:<( (8/) * -
=(/,)EP8O'=(P * *V;/8:'=(= 6 %   
T&'8S4'.7&()	/ 1PBRAO	. 6 % - 476(894 )(%(& P   :/( ='/ ) [P8	O(=  &(894(.7&')/BP 6 %  '
 =(/,)[PB8O'=(P9& *;A/B8:'=(= 6 ) 0 % %     &(894(.7&')/BPBRO. 6 %- 4T6=(O1;1& P  O  4,& P )    :/(='/ ) [P8	O(=  &(894(.7&')/BP  *   RS4 .)& )   =(O'P)=BQ 1P(=?*  RJ40.)& )   0;:<(=(/,)EP8O'=  &(894(.7&')/BP 6 %    0 *  2
	  oGi wk  knoG{.«|¶¼kn} | prd­oGu  ilkjg+woS­ ¢o  |kb£w{|qr{|µg+wk ]u|{wzjg+qtoG{ =(/,)¥¶8qrg+&g+wk ]oGprpto¶8qr{|µg¾d  k
A O1;J4T6S47&94/B6 ='/ ) [P894(.T%P&'?()	O  6C* T&'8S4(.T&()	/   * -  I * 6:B&  ='/ )EP8	O(= 6 I " 2
	?qr{)}prprdW«oG{wzPkg+wk ='/ )  ]u|{wzjg+qtoG{=qtf|kb£w{wkPQ«¶¼k­|kb£w{wk =(/ )¡med_f  prqrg+g+qr{|¡g+wk´zPoGi  of	kP=}  u|ilkj{vglo 
g¯d  k T&(894(.T&()/qr{eg	olqrg	fzPoGi  oG{wkj{vg	f f
A O1;J4T6S47&94/B6 ='/ ) *V;A/B8:(='= 6 6 ( ' :<( 6:B& * - ;1Q(6 6 %- ( =(/,)  &(894(.7&')/BP 6 %  2
°±wk  kPf+u|prg+qr{|µqr{w²uwzjg+qtoG{ | qr{wzjq  ptkqtfqrWkj{&m/kjpto¶¨¹°(oGWkjg+wk  ¶8qrg+&g+)}go g+wk)	/M3& Ju|{wzjg+qtoG{.«wqrWkj{Aqr{
cSkPzjg+qtoG{
(²«|¶¥kC)}PWkuwf	kPg	o | o~Wk}f+qri  ptk | o  k  g¯d f
 %	O(/B8OTI ='/ )APB)/M3& *V;A/8	:(='=  %	 ='/ )  )	/M3&  % -  2
 1 476AR1QS.T&S4B/6 )(89476S.'47)	=(O ;A/8 &'%O =(/,) ;(Q(69.7&S4B/6 1 
	 OI(IS: ='/ )P476AR * ;/8	:(=(=  *V;A/8	:(='= 6 6)( ' :/( 6	:& :<( 18	/)	 ;/8:'=(= 6 %    T&(894(.T&()/BP1RAO. 6 %- 476(894 )(%(& P   :/(  6 % '  :/( ;/8:'=(= 6 )
0 % %     &(894(.7&')/BPBRO. 6 %- 4T6='OB;1& P  O  4T& P )    :/(  *   RS4 .3& )   =(O'P)=BQ 1P(=?*  RJ40.)& )   0?:/( 6 %   0  =*   :/(;A/B8:(='= 6 %  6 %  =(/ ) 6 %  2
°±wkzPoGi  ptkjg	k|kjWkjpto  ilkj{eg?z~}{nm/k? ¢oGu|{w}ge%(&'&()+*-,(,M(M'M+2E4T8S4B: 2 ;18	,/.OB8(&	O.,1,'01QS4T)O',#(Q TQ	,8:B) *',|¨
ëNÖ©ìðå©ê
  " )§ 2:9  §#/*¼%5?
 k)}~Wk¥m|u|qrprg?}prqrm  }  d5 ]o  £w{|qrg	k¼f	kjg	f?o |{)}g+u  }p²{vu|inm$k  fkj{wzPoe|kPuwf+qr{|o  |k  kPnprqtf+g	f?o wqr{vg	k  }ptf~¨?°±wk
prqrm  }  dl¶±}Gf  p³}{|{wkP´g	om$k  }  g±o .g+wk|kjWkjpto  ilkj{vg8o (}C   }ilkj¶¼o +º  ]o  zPk  g+qÀ£)kPf+g¬}g+qtz5}{)}prd²f	kPf íS«  ¨
½¾g8qr{wzjpruw|kPf8 ]u|{wzjg+qtoG{wf8 ¢o  u|{|qtoG{.«|qr{vg	k  f	kPzjg+qtoG{.«)qr{wzjpruwf+qtoG{.«}{w­ilkjim/k  f	|q  g	kPf+g	f~¨
h§iloG{|_}prp±g+wof	k­o  k  }g+qtoG{wf~«¹g+wk­u|{|qtoG{ o  k  }g+qtoG{7qtfg+wk­ilof+gqr{eWoGprWkPQ¨  k­|kPf	z  qrm$k´qr{ f	oGilk
|kjg¬}qrp.qrg	f|kb£w{|qrg	oG{¡}{w&f	oGilkCo g+wk | oSo ]f8g+)}g8¶¥k)}~Wk|kjWkjpto  kP }  oGu|{w&qrg8uwf+qr{|µoGu  ilkjg+woSQ¨
	?q  f+g~«Gqr{eg	k  G}pwf	kjg	f}  k8|kb£w{wkPuwf+qr{|5g+wk¥ ¢oGprpto~¶8qr{|Cg¯¶¥o5qr{w²uwzjg+qrWk  kjp³}g+qtoG{wf¦*(*qtf?g+wk¸¥oesn{woGg¬}g+qtoG{
 ¢o  zPoG{wfoG{prqtf+g	f~«w}{w ; T&/«T6AR  kjg+u  {&g+wk5£  f	g~«  kPf  ¨²g+wkf	kPzPoG{wkjptkjilkj{eg§o }  }q  ® f
D76AR1Q9.7&S40.O 4BP	476(&	O8.:(=  4 *  1   * 18	/) *-
 4BP4T6(&	O89.	:(='P./B6  * ; & 4 B,- T6'R 4 :<( 4BP4T6(&	O89.	:(= 4 2
D76AR1Q9.7&S40.O 4,1P4T6(&OB89.	:(=(PBOB& * =4T&   1   :/( 18/B) *-
  4B=(PBO& * 4,1P4T6(&OB89.	:(=(PBOB& 694=
 + 4T6 )=(O(PBOB& *V;/8:'=(= 4  4,1P4T6(&OB89.	:(= 4 :<( 4,1P476'&OB89.:'=(PBO&  4 *(*<6S4B= 
 @'/B6 1P BOB& * ;/8	:(=(= 4
= 4BP	476(&	O8.:(= 4 :<( 4,1P4T6(&OB89.	:(=?:<(  *   T6AR 4  B ; T&	?:<(4BP	476(&	O8.:(='P 1O&  *'*-=  :/( 4,BP	476'&O8.:'=(P 1O&  4 *(*
*(*f=  2
½¾{  }  g+qtzju|p³}  «>{woGg	kg+)}gnf+uwzPzPkPf	f	qrWkqr{eg	k  G}ptfqr{_}{[qr{vg	k  }pf	kjgCiµ}Pd¤{woGgCqr{vg	k  f	kPzjgk~}Gz	3oGg+wk  «.g	oGuwz¬
k~}Gz	LoGg+wk  «>o  kjWkj{3m$kl}G+}GzPkj{eg f
1 + snd i < fst j
«(oGg+wk  ¶8qtf	k«.g+wkjd¡¶¼oGu|pt[ ]o  i }­f+qr{|ptklqr{vg	k  }p©¨
 kCuwf	k5g+wkC ]oGprpto¶8qr{|lqr{w²uwzjg+qrWkn|kb£w{|qrg+qtoG{.«)¶8|qtz	 zPoGi  }  kPfg+wk  kjp³}g+qrWk  of+qrg+qtoG{wfo g¯¶¥olqr{vg	k  }ptf f
D76AR1Q9.7&S40.O ./IA)	:8O'P4T6(&OB89.	:(=   :* :9& *   1   * + O& * -
 6'RPB;A:B8P':B;1&	O8 * T6AR
: *   * B ; T& :9&>:/( .B/TI):8	O(P	476(&	O8.:(= :* :9&
 6'RP.='/ 1O(P(:1;1&	O8 * ; &
: * B ; T& :9&>:/(6'R :* B T6AR :9&>:<( T6AR :*  * ( -; & :9&>:<( ./IA)	:8O'P4T6(&OB89.	:(=  :* :&
 6'RP4769.=BQ'RAO * ; & : * (,- ; T& :& :/( T6'R : * B,- T6'R :& :/( ; & : * - ; T& :9&  ',   6'R
:* - T6'R :&  :<( ./IA):B8O'P476'&OB89.:'=  :* :9&
 6'RP(OB0(Q:'=(PB; T& *V; & : * - ; T& :9&>:<( 6'R :* - T6AR
:&>:<(./IA)	:8O'P4T6(&OB89.	:(=  : * :&
 ; T&	P4769.=BQ'RAO * ; T& :* B -'; & :& :<( 6'R :* ( - 6'R :9&>:<( ; & : * - ; T& :9&  ',   6'R
:* - T6'R :&  :<( .B/TIA)	:8	O(P4T6(&	O89.	:(= : * :&
 ; T&	P.='/ 1O(P(:1;1&	O8 * ; T& :9& B ; & : *:<( T6AR
:& B6'R :*:/(6'R :9&  * (,-; & :*:<( ./IA)	:8O'P4T6(&OB89.	:(=  :* :&
 ; T&	PB;A:B8P':B;1&	O8+*6'R :9&  * B ; & :*:<( ./IA)	:8O'P4T6(&OB89.	:(=  : * :& 2
 k5}  k{wo¶  k~}G²dµg	onqrWkg+wk  f	kjuw|oezPoS|k ]o  g+wku|{|qtoG{o  k  }g+qtoG{.¨ih{´qri  ptkjilkj{vg¬}g+qtoG{Aprqr{wk~}  qr{´g+wk
f+q~k§o $qrg	f¥}  u|ilkj{vg	f8z~}{|{woGg¼m/k§f+g  uwzjg+u  }p©«S}Gf¼qrg¹z~}{|{woGg | kP²qtzjg¼qr{­}G²G}{wzPkwo~¶yg+wkprqtf+g	f¹m/kjqr{¡¦Jilo  k
f  kPzjqÀ£)z~}prprdW«|wo~¶ iµ}{vdqr{|qrg+q³}p.qr{eg	k  G}ptf§o oG{wkCprqtf	g}  k5qr{wzjpruw|kP&qr{&g+wkCf	kPzPoG{wAoG{wk® f
% 4  )	/476'& Q(6S4B/6  =	4-* =42& * =4T&   1    * =	4,&   1   *-IJ:B&S.T% =	4-* =	4/& M94T&(%
 694=  = - ( = 
 =  V694= - ( = 
 : *e*'*-=* :9& *'*-=& -)(IJ:B&S.7% .B/TIA)	:8	O(P4T6(&	O89.	:(=BPBRO. :* :9& M 47&(%
 T6'RPB;:8P':B;(&O8 P - ( :* *(*  Q(694/6 = *  :9&*(*-=&  j ë$Ø"k$lVmm
 T6'RP.B=(/ 1O(P':B;1&	O8 P P P,- ( Q(694/B6 = *  ; T& :* 6'R :9&  *(*f=9&   1 6	/& T&'8(QS.T&(Q'8:(= 1 
 T6'RP4T6S.=BQ'RO  P P P -)( Q(6S4B/6 =*  :9& *'*-=& 
 T6'RP(O101Q:'=(P1; T& P P - ( : *e*(*  Q'6S4/B6 =* =9& 
 ; T&	P4T6S.=BQ'RO  P P P -)( Q(694/B6  :* *(*-= *  =9&
 ; T&	P.B=(/ 1O(P':B;1&	O8 P P P,- ( Q(694/B6   ; T& :9&  T6AR :*  *(*f=*  =&  1 6	/& T&'8(QS.T&(Q'8:(= 1 
 ; T&	PB;:8P':B;(&O8 P - ( :9&*(*  Q(694/B6  :* *(*-= *  =9& OB6'R
O6AR32
§{wk | o  k  g¾dAg+)}g¶¼k{wkPkPAg	o | o~Wk:}m$oGu|g§g+wk Q(694/6´ ]u|{wzjg+qtoG{¡qtfg+)}g~«Q}prg+woGu|¡qrg	f}  u|ilkj{eg	f}  k
prqtf+g	fo   }q  fo qr{vg	kjWk  f~«)mvd} | prdeqr{|qrg8g	o:g¯¶¥o 476'&OB89.:'=(PBO&SfoG{wkoGm|g¬}qr{wf}{476(&	O8.:(='P 1O&¨
°±|qtfg+u  {wkP oGu|gg	o m/k´}{woG{eg  qreq³}p8kb·|k  zjqtf	k¨  k)}PWk­f	oGprWkPLqrg}Gfn ]oGprpto¶f f ¶¼k´)}~Wk|kb£w{wkP7}
¶¼k~} º qr{vg	k  }pf	kjgf	g  uwzjg+u  k«$¶8|qtz	[qtfC}lprqtf	go ¹qr{eg	k  G}ptf5qr{¤¶8|qtz	3zPoG{wf¬kPzju|g+qrWkqr{eg	k  G}ptf5iµ}~d oWk  p³}  «
}{w}6b S # %  ML&:o  k  }g+qtoG{.«²¶8|qtz¬qtf±zjptof	kP­oG{¶¥k~} º qr{vg	k  }p.f	kjg	fC¦Jm|u|g±{woGg8oG{ | o  k  qr{vg	k  }p.f	kjg	fT®b¨
°±wkj{.«)}  oGu  qr{|´o  k  }g+qtoG{&g  }{wfT}ç ]o  ilf}¶¼k~} º qr{vg	k  }p>f	kjg8qr{eg	oµ} | o  k  qr{vg	k  }p>f	kjg~¨  k~} º u|{|qtoG{
}{w:  oGu  qr{|}  k}ptf	oC{woG{²»¯f+g  uwzju|g+u  }prprd  kPzju  f+qrWk«vm|u|g¹f	oGilkj¶8)}g¹f	qri  ptk  g+)}gg+wk | o  k  u|{|qtoG{.¨  k
g+wkj{3f+wo¶g+)}gCg+wk | o  k  u|{|qtoG{[qtfCkPsvu)}pg	o´g+wk:zPoGi  of+qrg+qtoG{3o ¹g+wk¶¼k~} º u|{|qtoG{3}{w¡g+wk  oGu  qr{|
o  k  }g+qtoG{wf~«)}{wg+)}gg+wk  kPf	u|prgo ?g+wknzPoGi  of+qrg+qtoG{Aqtf}{qr{vg	k  }p(f	kjg~¨
	wo  g+|qtf~«S¶¥k§iµ} º k5}wk~}PSdluwf	ko >g+wk§qr{w²uwzjg+qtoG{ | qr{wzjq  ptkPf¥ ]o ¥| o  k  u|{|qtoG{.«Su|{|qtoG{.«w}{w  oGu  qr{|
 ]u|{wzjg+qtoG{wf~¨cSkjWk  }p|o ~kj{wf¹o $ptkji:iµ}Gf¶¥k  k | o~WkPµuwf+qr{|g+wof	k | qr{wzjq  ptkPf=v¶8qrg+woGu|g¼g+wkji&«W¶¼kzPoGu|pt:{woGg
)}PWkzPoGi  ptkjg	kP¡g+wk|kjWkjpto  ilkj{vg~¨n½¯{  ¢}Gzjg~«/¶¥k)}~WkzPoGilk}Gz  of¬f§g+wk | kPf	kj{eg	kP¤ilkjg+woe[}ç ]g	k  g  dSqr{|
¦¢}{w­ ©}qrprqr{|e®¥g	ouwf	kf¬oGilkCo ?g+wkkb·²qtf+g+qr{|µ} || oW}Gz¬wkPfqr{ } | }Gzjg+qtz~}p?f	kjg+g+qr{|w¨
 " '?%	)	  ,#$ 8#
 k | kPf	kj{vgl} | }Gzjg+qtz~}p¥ilkjg+woS_ ]o  |kb£w{|qr{|[}{w | oeqr{| | o  k  g+qtkPf:o Wkj{wk  }p  kPzju  f+qrWkµ ]u|{wzjg+qtoG{wf
qr{ | oeo ±}Gf	f+qtf+g¬}{eg	fCf+uwz	_}Gf¸¥oSsA}{w¡oGg+wk C| oeo ¥}Gf¬f+qtf+g¬}{vgCm)}Gf¬kP¤oG{¡g¾d  kng+wkPo  dW¨°±wk  }  3o ¹g+wk
qr{vg	kj{w|kP  ]u|{wzjg+qtoG{7qtf|kb£w{wkP }Gf:}{ qr{w²uwzjg+qrWk  kjp³}g+qtoG{.«¥}{w g+wkµ ]u|{wzjg+qtoG{=qtf|kb£w{wkP=uwf+qr{|3}A|k  kj{²»
|kj{vg5g¾d  k«$f  kPzjqÀ ]dSqr{|g+)}gg+wk ]u|{wzjg+qtoG{ * f¬}g+qtfÙ£)kPfQ,qrg	f§  }  .¨5°±|qtf | o  k  g¯d¤}prpto¶f5uwfg	o­oGm|g¬}qr{¤g+wk
 ]u|{wzjg+qtoG{.¿ªf£|·  oGqr{eg§kPseu)}g+qtoG{.«}{w&   oGi g+wkC  }  .¿ªf}u|g	oGiµ}g+qtz~}prprdAWkj{wk  }g	kPAqr{w²uwzjg+qtoG{ | qr{wzjq  ptk«)¶¥k
Wkj{wk  }g	kCqr{w²uwzjg+qtoG{ | qr{wzjq  ptkPff  kPzjqÀ£)zCg	og+wk5 ]u|{wzjg+qtoG{.«|¶8|qtz	¤}prpto~¶fg	o | o~WkoGg+wk | o  k  g+qtkPfo ?g+wk
 ]u|{wzjg+qtoG{.¨  kn|kjiloG{wf+g  }g	kg+wk} || oW}Gz¬A ¢o   ]u|{wzjg+qtoG{wf¶8qrg+ inu|g+u)}p  kPzju  f+qrWknz~}prptf«w{wkPf+g	kP  kPzju  f+qrWk
z~}prptf~«w}{w ¢o ¥ }  g+q³}p$ ]u|{wzjg+qtoG{wf8f	kPkj{A}Gf¥g	oGg¬}p$ ]u|{wzjg+qtoG{wfo~Wk  }|k  kj{w|kj{vg8g¯d  k  kPf+g  qtzjg+qr{|:qrg	f8|oGiµ}qr{.¨
hf ¢o   ]u|g+u  k¶¥o +º «e¶¼k5}  km|u|qrpt²qr{|l} | oGg	oGg¯d  k§g	oeoGpqri  ptkjilkj{vg+qr{|loGu  ilkjg+woeµ ]o  g+wk  kjp³}g+qrWkjprd
f+qri  ptk§z~}Gf	ko .g	oGg¬}pw ]u|{wzjg+qtoG{wf¼¶8qrg+woGu|g¹{wkPf+g	kPçiu|g+u)}p  kPzju  f	qrWkz~}prptf~¨½¾{lg+wkg	oSoGp©«Wg+wkuwf	k  ¶  qrg	kPf¹wk 
 ]u|{wzjg+qtoG{qr{}  f	kjuw|oSzPoe|k{woGg¬}g+qtoG{Af	qri:qrp³}  g	og+)}g8o ¸¥oSs/«S}{w | oeqt|kPf}¶¼kjprpÀ»¢ ¢oGu|{w|kP&o  |k  oG{­g+wk
 ]u|{wzjg+qtoG{.¿ªf¥}  u|ilkj{eg¦]fT®b¨°±wk8g	oSoGp)g+wkj{}u|g	oGiµ}g+qtz~}prprdµWkj{wk  }g	kPf¼g+wkqr{w²uwzjg+qtoG{ | qr{wzjq  ptk}Gf	f	oSzjq³}g	kPlg	o
g+wk¼ Ju|{wzjg+qtoG{A¦¢}{wQ«vo  g+qtoG{)}prprdW«Wg+wk¼ Ju|{wzjg+qtoG{.¿ªf£|·  oGqr{vgkPseu)}g+qtoG{®b¨°±|qtfzPoG{wf+qt|k  }m|prdf	qri  prqÀ£)kPf¶¼o +º qr{|
¶8qrg+µWkj{wk  }p  kPzju  f+qrWk Ju|{wzjg+qtoG{wf¹qr{­¸¥oSs«S} ]k~}g+u  kilof+g¹|kPf+q  }m|ptk}Gf¹|kjiloG{wf+g  }g	kPmvdloGu  z~}Gf	kf+g+uw²d
 k  o  g	kPqr{¤cSkPzjg+qtoG{  ¨
 P#/'(
r  h§{vg	oG{|q³} 8}p³}}²¨ L8JML&A+	$ ?Z S  
$#&% S  K#&A6% S U#&%  "% K S  UL&A VAJML&Aj¨    g+wkPf+qtf~«
 {|qrWk  f+qrg¯do qtzPk«  ¨
ëNÖ©ìðå©ê
  h§{vg	oG{|q³}N8}p³}}}{w WkPf±k  g	oGg~¨ 	?qÀ·S»  oGqr{eg±kPseu)}g+qtoG{wf¼ ]o  ¶¼kjprpÀ»¢ ¢oGu|{w|kP  kPzju  f+qtoG{­qr{´g¯d  k§g+wkPo  dW¨
½¾{ ¤} +º h}v}}  }{wWoG|{ 5} + qtf	oG{.«5kP²qrg	o  f~«	
Gj«WoGpru|ilk n o  S J" S L_ S  ]
iL R N8  S    S 8 S «  }WkPf~²¨c | qr{|Wk  «  ¨
)(   ¨C8}  g+wk¤}{w  ¨8¸¥oGu  g+qtkju.¨ iµzjqtkj{vg  k~}Gf	oG{|qr{| }m/oGu|g´kb·²kPzju|g¬}m|ptk¡f  kPzjqÀ£)z~}g+qtoG{wfqr{yzPoSs¨ ½¾{
¸±} + kwokjg}p©¨   «  }WkPf (²( v²¨
     WkPf ±k  g	oGg~«kj{)}{ PqtoC¸±} | kjg+g¬}²«e}{w5u|{eg¬}p  }Gf 8}  iµ}{.¨e°¹d  kb»©g+wkPo  kjg+qtz¼ Ju|{wzjg+qtoG{)}p|f	kjiµ}{eg+qtzPf~¨
½¾{ ¸±} + kwoµkjg}p©¨   «  }WkPf (B²¨
   WkPf ±k  g	oGg´}{w  qtk + k[¸±}Gf+g	k  }{.¨ V  S $#_J]Z S  W S L& S R  $L&Z!]" #&8K! $LU&$# R#" S Z S % LVN R+S  %$
iL'&)( *  ,+ W S i#&%J"%\ L$P-V8K&AJZ S iLA !L& b¨f | qr{|Wk  «   w¨
ð  h¨(±o~Wk}{wl¨S¸±} | kjg+g¬}²¨ ¤oS|kjprprqr{|nWkj{wk  }p  kPzju  f+qtoG{qr{g¯d  kg+wkPo  dW¨/. #]W S R #_U#%08AJ" S ]1iL R N: S 2   S 8 S «(  f WS²  ²« 	wkjm  u)}  d  ¨¼¸±}im  qt²Wk  {|qrWk  f+qrg¯d  kPf¬f~¨
í   ¨?¸±}Gz¬wk  }²«°C¨3Wkj{wf¬kj{.«  ¨  qtz	)}  ²qtk«¹}{w_¨34uwf+u.¨ ·²g  }Gzjg+qr{|¡}Aw}g¬} )o¶ }{)}prd²f	k  qr{ zPoG{²»
f+g  uwzjg+qrWkptoGqtz¨ W S L& S MU#&%5iL R N8  S 2:  S 8 S «8(   ¦Ù® fð ²²«QcSk  g	kjinm$k  ¨
l   }PSqt_¸±}Gz	wk  }²«?°±woGiµ}Gf6vkj{wf	kj{.«  }PSqt  qtz¬)}  ²qtk«?}{w  5k  }  |oAcSz¬|{wkjqt|k  ¨¸¥k  g+qÀ£)kP[ilkjilo  d
uwf¬}Wkl}{)}prd²f+qtf~¨½¾{7WoG|{	?qrg PWk  }ptQ«>½Ù}{7w¨ }~dWkPf~«>}{wCh§{w  ~kÞ5°?}  ptkPz º q©«(kP²qrg	o  f« 	. «$WoGpru|ilk
(    o  S J" S8 L S D]9iL R N8  S :J S : S «  }WkPf-²  ²¨/c | qr{|Wk  «  ¨
  qtzjg	o  ¸±} + kwo|«Q¸ Pf¬}   u:wo W«)}{w¤cSo£)hj{wk°(}Gf+)}  «kP²qrg	o  f~¨; W S L& S R  $L&Z!]" ]< &W S =
 $K S 
 LU&M?>@A]WBV8 S V:#L8#&%;iL!P S  S : S >C	
GEDFGFHDG>D# R N: L:>9IJ*K>!LMN*2>8* &"DF,DPOJ>
DFPFHD>/ $L! SUS K&1b«/WoGpru|ilk   w  o 	 S J S L S D]1iL R N8  S 2:J S : S ¨/c | qr{|Wk  «  ¨
r  kjg	k + dem²+k  ¨'h Wkj{wk  }p± ]o  iu|p³}g+qtoG{ o 5f+qrinu|prg¬}{wkPoGuwfµqr{w²uwzjg+qrWkb»  kPzju  f+qrWkA|kb£w{|qrg+qtoG{wf:qr{7g¾d  k
g+wkPo  dW¨RQNSTS R+T SU LUVSt«)  ¦  ® fð    P²«  ¨
r  c/¨e§¶  k«w¨  ¨W4uwf+vmedW««.}{w¡¨Qce)}{ º }  ¨  c f h | oGg	oGg¯d  kWk  qÀ£)z~}g+qtoG{3f+d²f+g	kji&¨C½¾{  kPk  } º
}  u  «kP²qrg	o  «5@G@&]WXV  S 8#ML&8#&%YiL!P S  S : S L&C*  L R #_ S K " S K JML& a M* "KZ d«$WoGpru|ilk´  o  S !" S8 L_ S D<*  '  M#&%)V  S %%\ S 8 S «  }WkPf§T (²  «/c²}  }g	oGv}²«R :«çÞu|{L'  ¨c | qr{|Wk  ¨
j ë$Ø"k$lVmm
